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Important  in  both  the  natural  and  cultural 
history  of  the  region,  the  Wabash  River  is 
considered  The  River  of  Indiana,  and  it  is  the 
designated  State  River.  From  its  origin  in  the 
state  of  Ohio  to  its  junction  with  the  Ohio  Riv- 
er, the  Wabash  runs  765  km.  From  the  dam  in 
Huntington,  Indiana  to  its  terminus  at  the 
Ohio  River,  the  Wabash  flows  freely  for  661 
km  of  its  total  length,  the  longest  stretch  of 
free-flowing  river  in  the  United  States  east  of 
the  Mississippi  River  (Fig.  1).  Several  papers 
in  this  issue  of  the  Proceedings  of  the  Indiana 
Academy  of  Science  are  devoted  to  aspects  of 
the  biodiversity,  environment,  and  conserva- 
tion of  the  Wabash  River  drainage.  This  series 
of  papers  developed  from  a  symposium  on  the 
Wabash  River  held  in  conjunction  with  the 
2005  annual  meeting  of  the  Academy.  The 
following  introduction  will  provide  a  brief 
overview  of  the  Wabash  River,  the  2005  sym- 
posium, and  the  Wabash  River  section  of  this 
issue  of  the  Proceedings. 

The  Wabash  River  basin  is  comprised  of  a 
series  of  12  watersheds  that  were  designated 
by  the  State  of  Indiana  in  1956  (Clark  1980). 
The  Wabash  River  drains  an  area  of  32,910 
square  miles  (85,560  sq.  km),  including  about 
8,704  square  miles  in  Illinois  and  another  285 
square  miles  in  northwestern  Ohio.  The  Wa- 
bash River  crosses  two  ecoregions  and  is  the 
largest  drainage  in  Indiana  (Omernik  &  Gal- 
lant 1988).  The  principal  tributary  is  the 
White  River,  which  drains  the  Eastern  Corn 
Belt  Plain  and  the  Interior  River  Lowland.  The 
Wabash  River  drains  central  and  southern  In- 
diana and  flows  in  a  southwestly  direction. 
The  mainstem  Wabash  River  is  the  principal 
drainage  of  the  Interior  River  Lowland. 


The  population  of  the  Wabash  River  basin, 
within  the  State  of  Indiana,  included  approx- 
imately 3.56  million  people  in  2000  (U.S. 
Census  Bureau,  http://quickfacts.census.gov/ 
qfd/states/ 18000.html).  This  represents  58.9% 
of  the  entire  population  of  Indiana.  The  econ- 
omy of  the  basin  is  primarily  agriculture:  but 
manufacturing  is  of  significant  importance. 
Land  use  in  the  Wabash  River  is  primarily  ag- 
ricultural (66%);  however,  significant  portions 
in  the  southern  watershed  are  comprised  of 
forest  (15%),  and  urban  land  uses  (13%)  (Pur- 
due University,  http://pasture.ecn.purdue.edu/ 
—jychoi/wcLhome/). 

The  upper  Wabash  River  consists  primarily 
of  ground  moraine  and  end  moraines  depos- 
ited during  the  Wisconsinan  glaciation  (Fen- 
neman  1946;  Schneider  1966).  The  upper  Wa- 
bash includes  areas  covered  by  the  Packerton 
Moraine,  which  is  within  the  Northern  Lake 
and  Moraine  region,  while  the  remaining  area 
is  in  the  Tipton  Till  Plain  (Wayne  1956).  The 
topography  is  nearly  flat  to  gently  rolling  and 
has  gentle  land  slopes  except  near  the  dow  n- 
stream  reach  of  the  Wabash  River,  where  en- 
trenchment of  the  river  valley  is  greatest.  The 
Wisconsinan  glaciation  event  and  other  con- 
solidated deposits  in  Indiana  did  not  fully  cov- 
er the  lower  Wabash  River  (Fenneman  1946). 
Thus,  these  areas  may  have  been  refugia  for 
species  pushed  south  by  the  glacier.  Deposits 
from  the  Illinoian  and  older  glaciation  events 
were  more  discontinuous.  As  many  as  eight  or 
nine  distinct  till  sheets  overlap  in  western  In- 
diana. Elevation  within  the  basin  is  greatest  in 
Randolph  Count),  which  is  slightly  more  than 
366  m  and  low  est  at  the  mouth  of  the  Wabash 
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Figure  1. — The  Wabash  River  Basin,  draining 
portions  of  Illinois,  Indiana,  and  Ohio.  (Map  by  Pe- 
ter A.  Worcester,  Geology  Department,  Hanover 
College) 


River  which  is  about  92  m  above  mean  sea 
level. 

Average  annual  precipitation  is  about  110 
cm  with  an  average  monthly  value  ranging 
from  a  high  in  March  and  a  low  in  October 
(Clark  1980).  About  65%  of  the  annual  pre- 
cipitation is  used  through  evapotranspiration, 
while  34.8%  comprises  stream  flow.  The  long- 
term  average  temperatures  range  from  0  °C  in 
January  to  25  °C  in  July.  The  average  annual 
temperature  is  14  °C.  The  average  precipita- 
tion ranges  from  92-1  12  cm  from  north  to 
south.  The  average  annual  snowfall  ranges 
from  178  cm  to  41  cm  from  north  to  south. 
Snowfall  contributes  between  5-18  cm  of  av- 
erage annual  precipitation. 

Soils  in  the  Wabash  River  basin  include 
clay  glacial  till  soils  in  the  upper  Wabash, 
loamy  glacial  tills  to  moderately  thick  loess 
over  loamy  glacial  till  in  the  central  water- 
shed, and  discontinuous  loess  over  weathered 
sandstone  and  shale  in  the  lower  watershed 
(Clark  1980).  The  topography  of  the  Wabash 
River  ranges  from  a  plain  of  mostly  clay  till 


interspersed  with  looping  belts  of  rolling, 
hummocky  ridged  morainic  upland  to  rolling 
plains  underlain  by  loess,  till,  and  bedrock 
with  broad  valley  flats  underlain  by  thick  de- 
posits of  alluvium,  outwash,  and  lake  deposits 
(Schneider  1966). 

The  Wabash  River  was  well-known  for  its 
abundant  fish  during  the  early  1800s,  but  de- 
clines occurred  through  a  combination  of  in- 
creased agriculture,  manufacturing  activities, 
and  urban  impacts  in  the  watershed.  These 
events  culminated  in  multiple  fish  kills  during 
the  1970s  (Gammon  1998).  Reduced  point- 
source  pollutants  and  increasing  awareness  of 
non-point  source  agricultural  run-off  have  im- 
proved water  quality,  although  excessive  nu- 
trients appear  to  contribute  to  summer  algal 
blooms  and  decreased  water  clarity.  These  im- 
provements were  likely  in  response  to  legis- 
lation including  the  Clean  Water  Act  of  1972 
(www.epa.gov)  and  Payment-In-Kind  (PIK)  in 
1983  (Gammon  2005).  The  PIK  program  re- 
duced agricultural  loadings  of  nutrients  to  the 
river  by  25%  (Gammon  1998).  Today  numer- 
ous conservation  and  political  organizations  in 
the  State  of  Indiana,  including  The  Wabash 
River  Heritage  Corridor  Commission,  the  Wa- 
bash Riverkeepers,  and  The  Nature  Conser- 
vancy, work  to  protect  and  preserve  the  nat- 
ural and  cultural  heritage  of  the  Wabash  River. 

The  Wabash  River  was  the  focus  of  a  spe- 
cial program  at  the  Fall  Meeting  of  the  Indi- 
ana Academy  of  Science  (held  on  6-7  October 
2005  at  St.  Mary  of-the- Woods  College  near 
Terre  Haute,  Indiana).  The  Wabash  River 
Symposium  was  planned  and  organized  by  the 
Biodiversity  and  Natural  Areas  Committee  of 
IAS  and  the  Rivers  Institute  at  Hanover  Col- 
lege. 

The  Wabash  River  Symposium  included 
several  components.  On  October  6,  the  Rivers 
Institute  hosted  a  reception  and  dinner.  Dinner 
was  followed  with  a  keynote  address  by  Dr. 
James  Gammon  of  DePauw  University.  Dr. 
Gammon  began  working  on  the  Wabash  River 
in  the  1960s.  The  title  of  Dr.  Gammon's  talk 
was  "A  Wabash  River  Overview — Past,  Pres- 
ent and  Future."  He  provided  a  personal  re- 
flection on  40  years  of  research  on  the  river. 
Dr.  Gammon  is  the  subject  of  a  biographical 
article  in  this  issue  of  the  Proceedings.  The 
Symposium  continued  on  the  morning  of  7 
October  with  a  special  session  of  ten  presen- 
tations regarding  the  biodiversity  and  conser- 
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vation  of  the  Wabash  River.  Topics  covered 
fish  and  mussels  of  the  Wabash  (T.  Simon,  M. 
Pyron  and  B.  Fisher),  small  mammals  of  the 
Wabash  Valley  (J.  Whitaker,  Jr.),  plant  com- 
munities of  the  Wabash  Valley  (M.  Jackson 
and  M.  Homoya),  environmental  quality  of 
the  Wabash  River  (L.  Bridges  and  S.  Sobat), 
and  conservation  issues  (R.  Schnapp  and  R. 
James).  Research  and  review  articles  based  on 
some  of  the  Wabash  Symposium  presentations 
plus  several  invited  articles  on  related  aspects 
of  the  Wabash  environment  appear  in  this  is- 
sue of  the  Proceedings. 

On  the  afternoon  of  7  October,  35  scientists 
and  volunteer  naturalists,  including  a  number 
of  the  Wabash  session  presenters,  took  part  in 
a  short-term  "BioBlitz',  on  Otter  Creek,  a 
tributary  of  the  Wabash  River  in  Vigo  County. 
A  BioBlitz  is  a  rapid  assessment  of  the  bio- 
diversity of  a  specific  site  by  taxonomic  ex- 
perts. A  full  BioBlitz  lasts  for  24  hours  and 
may  involve  hundreds  of  participants;  this 
event  took  place  on  one  afternoon  with  a 
smaller  number  of  participants.  The  BioBlitz 
participants  split  into  aquatic,  terrestrial  plant, 
and  terrestrial  animal  teams.  The  results  of  the 
Otter  Creek  BioBlitz  are  reported  in  this  issue 
and  are  posted  on  the  Academy  website. 
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Sciences.  Indiana  State  University,  Terre  Haute,  Indiana  47809  USA;  ^Environmental 
Center,  Taylor  University,  Upland,  Indiana  46989  USA;  department  of  Ecology  and 
Organismal  Biology,  Indiana  State  University,  Terre  Haute,  Indiana  47809  USA; 
^Division  of  Fishes,  Aquatic  Research  Center,  Indiana  Biological  Survey,  6440 
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ABSTRACT.  A  short-term  (approximately  three  hours)  BioBlitz  (rapid  assessment  of  the  species  living 
in  a  particular  area  at  one  time)  was  conducted  in  the  vicinity  of  Otter  Creek,  a  tributary  of  the  Wabash 
River  in  Vigo  County.  Indiana  on  7  October  2005.  A  total  of  35  scientists  and  naturalists  divided  into 
aquatic,  terrestrial  animal,  and  terrestrial  plant  teams  to  survey  different  taxonomic  groups.  The  teams 
recorded  a  total  of  370  species:  205  plant  species,  43  fungus,  9  insect,  8  bivalve,  2  crayfish,  52  fish,  6 
amphibian.  34  bird,  and  1  1  mammal  species  (with  some  additional  aquatic  and  mammal  sampling  outside 
the  three-hour  period).  Species  found  were  representative  of  the  lower  Wabash  River  drainage.  BioBlitz 
events  vary  in  scientific  value,  but  can  provide  valuable  scientific  information  as  well  as  serve  as  a  vehicle 
for  public  education  about  the  natural  world  and  conservation  issues.  We  compare  the  results  of  the  Otter 
Creek  survey  to  other  BioBlitz  events  in  the  Midwest. 

Keywords:      BioBlitz,  biodiversity,  Vigo  County,  Indiana 


A  BioBlitz.  short  for  Biodiversity  Blitz,  is  sity  Program  at  the  University  of  Kansas  (Wil- 

a  rapid  assessment  of  the  species  living  in  a  son    1992),  generated  by  growing  awareness 

particular  area  at  a  given  point  in  time  and  is  and  concern  for  biological  diversity.  The  first 

usually  conducted  over  a  24-hour  period.  To  BioBlitz  took  place  in  May,   1996  in  Kenil- 

complete   a   successful    BioBlitz,   the   natural  worth  Park  and  the  Aquatic  Gardens  National 

history  talents  of  scientists  and  naturalists  in  Park,   Washington   D.C.   (Post   2003;   Droege 

an  area  (or  state)  are  recruited  to  document  2006).  Since  that  event,  the  BioBlitz  concept 

the  biodiversity  present  (Lundmark  2003).  A  has  been  adopted  by   numerous  government 

one-day  event  can  only  begin  to  document  all  agencies  and  private  groups.  Post  (2003)  notes 

the   species  present   in   an  area.   Because  the  that,  as  of  2003,  there  have  been  58  BioBlitzes 

species    assemblage   changes   throughout   the  held  in  25  states,  with  an  additional  15  in  six 

year,  species  will  inevitably  be  missed.  How-  other  countries.   The   number  of  events   has 

ever,  the  BioBlitz  gives  a  "snapshot  in  time"  grown  steadily.  Some  BioBlitzes  have  become 

of  the  species  present  in  a  particular  area.  ongoing,  annual  or  semi-annual  events  (e.g., 

The   BioBlitz  concept   is  an  outgrowth  of  Minnesota   and   Connecticut   BioBlitz  events 

formal  biodiversity  survey  programs,  such  as  sponsored   by   the    Bell    Museum   of  Natural 

the    Rapid    Assessment    Program    (RAP)    of  History,    University    of    Minnesota    and    the 

Conservation  International  and  the  BIOTROP  Connecticut  Museum  of  Natural  History,  Uni- 

program  of  the  Neotropical  Biological  Diver-  versity  of  Connecticut;  Bell  Museum  2006; 
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University  of  Connecticut  2006).  A  wide  va- 
riety of  localities  have  been  sampled,  from 
relatively  undisturbed,  protected  areas  to 
heavily  developed  urban  landscapes. 

When  the  concept  of  biodiversity  [the  va- 
riety of  living  things]  is  mentioned,  most  peo- 
ple tend  to  think  of  tropical  rainforests  or  cor- 
al reefs  (Conniff  2000),  not  a  Midwestern 
farm  state  in  the  United  States.  However,  In- 
diana exhibits  considerable  biological  diver- 
sity across  the  state,  both  east  to  west  and 
north  to  south.  Despite  over  two  centuries  of 
research,  the  distribution,  occurrence,  and  pat- 
terns of  plant  and  animal  species  nowhere  on 
this  planet,  including  Indiana,  are  completely 
documented. 

On  7  October  2005,  the  Rivers  Institute  at 
Hanover  College  in  collaboration  with  the 
Biodiversity  and  Natural  Areas  Committee  of 
the  Indiana  Academy  of  Sciences  (IAS)  host- 
ed a  short-term  BioBlitz  on  Otter  Creek,  a 
tributary  of  the  Wabash  River,  in  Terre  Haute, 
Indiana.  The  BioBlitz  was  held  in  conjunction 
with  the  2005  symposium  on  the  Wabash  Riv- 
er that  is  featured  in  this  issue  of  the  Pro- 
ceedings of  the  Indiana  Academy  of  Science. 
The  event  was  short-term  because  it  occurred 
primarily  within  a  three-hour  time-block  fol- 
lowing the  annual  meeting  of  the  Academy. 
Because  of  the  short  duration  of  the  event,  less 
emphasis  was  placed  on  species  inventory, 
that  is,  voucher  specimens  were  not  collected. 
This  paper  reports  the  diversity  of  life  record- 
ed during  the  Otter  Creek  BioBlitz,  compares 
the  results  of  this  BioBlitz  to  other  Midwest 
BioBlitz  events,  and  discusses  the  value  of  the 
BioBlitz  concept. 

METHODS 

The  short-term  BioBlitz  focused  on  both 
the  aquatic  species  of  Otter  Creek  and  the  ter- 
restrial species  associated  with  habitats  adja- 
cent to  the  creek.  Participating  scientists  and 
volunteer  naturalists  were  divided  into  three 
teams:  the  aquatic  group,  the  terrestrial  animal 
group,  and  the  terrestrial  plant  group.  The  ma- 
jority of  sampling  effort  occurred  from  1400- 
1700  h  on  7  October  2005.  In  addition,  the 
fish,  crayfish,  and  mussel  group  sampled  in 
the  morning  and  the  afternoon  of  7  October 
and  the  mammal  group  deployed  live  and 
snap-traps  on  the  night  of  6-7  October. 
Weather  conditions  were  sunny  and  dry  with 


air  temperatures  between  22-25  C  during  the 
three-hour  event  on  7  October. 

Aquatic  survey  methods. — The  aquatic 
group  consisted  of  three  observers  led  by 
Thomas  P.  Simon,  U.S.  Fish  and  Wildlife  Ser- 
vice, and  Brant  E.  Fisher,  Indiana  Department 
of  Natural  Resources.  They  collected  fish. 
mussels  and  clams,  and  crayfish  in  Otter 
Creek,  a  tributary  of  the  Wabash,  at  two  lo- 
cations in  Vigo  County:  1)  the  U.S.  41  bridge 
(upstream  and  downstream  about  300  m)  in 
Fayette  Township,  approximately  5  km  north 
of  the  Terre  Haute  Township  limits  on  U.S.  41 
(39°33'22"  N,  87°23'36"  W),  2)  the  Markles 
Mill  Dam  (downstream  about  150  m)  in  Mar- 
kles Mill  Park,  Otter  Creek  Township,  ap- 
proximately 1  km  northeast  of  the  Terre  Haute 
Township  limits  (39°31'40"  N,  87°20'46"  W). 
Sampling  was  done  at  the  U.S.  41  site  in  the 
morning  and  at  Markles  Mill  Park  in  the  af- 
ternoon. In  addition,  Ronald  A.  Hellenthal 
(Notre  Dame  University)  and  volunteers  sam- 
pled aquatic  macroinvertebrates  at  Markles 
Mill  Park,  but  that  species  report  is  not  in- 
cluded here. 

Fish,  crayfish,  and  mussel  assemblages 
were  collected  during  daytime  inventories. 
Sampling  included  distances  of  150  m  or 
about  35  times  mean  stream  width,  and  sam- 
pling was  conducted  for  1800  sec  in  each 
zone.  This  distance  is  the  equivalent  of  two 
habitat  cycles  (Leopold  et  al.  1964).  In  larger 
segments,  two  riffle-pool/run  series  were  col- 
lected. All  habitats  in  the  stream  reach  were 
sampled  relative  to  their  abundance.  Fish  and 
crayfish  were  collected  using  a  Smith-Root 
Model  1 2-B®  battery-powered  backpack  elec- 
trofishing  unit,  while  mussels  were  collected 
by  sight  observation  while  wading  through  the 
zone.  No  crayfish  burrows  were  observed  in 
either  zone,  possibly  because  of  the  late  date 
of  collection. 

Field  collections  of  fish  and  crayfish  were 
identified  in  the  field  using  standard  taxonom- 
ic  references  (Smith  1979:  Etnier  &  Starnes 
1993).  Only  two  crayfish  were  preserved  in 
109c  ethanol  and  verified  in  the  laboratory  us- 
ing standard  taxonomic  references  (Page 
1985).  Mussels  were  ranked  as  live,  fresh 
dead,  or  fossil  based  on  shell  characteristics. 
Any  anomalies  present  on  fish  such  as  defor- 
mities, eroded  tins,  lesions,  and  tumors 
(DELTs)  were  noted. 

Terrestrial    survey    methods. — Both    the 
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terrestrial  plant  and  animal  groups  worked  in 
Forest  Park  (39°3  1  '28"  N,  87°20'32"  W),  a  pri- 
vate park  owned  by  First  Financial  Bank,  Ter- 
re  Haute,  located  immediately  south  of  the 
Markles  Mill  Park.  Forest  Park  is  a  154  ha 
mosaic  of  mowed  parkland,  second-growth 
forest,  and  old  fields;  an  approximately  1  ha 
pond  is  on  the  property.  Otter  Creek  runs 
through  the  park. 

The  terrestrial  plant  group  consisted  of  15 
observers  led  by  Marion  T.  Jackson,  Indiana 
State  University,  and  Paul  E.  Rothrock,  Taylor 
University.  Their  survey  included  a  range  of 
local  community  types  such  as  mature  hard- 
wood forest,  wooded  ravines,  swamp  woods, 
woodland  ecotones,  mowed  turf,  early  succes- 
sional  disturbance  areas,  and  pond  margins. 
The  fungus  group  consisted  of  three  collectors 
led  by  Donald  G.  Ruch,  Ball  State  University. 
They  surveyed  in  mixed  deciduous  forest. 
Both  the  plant  and  fungus  groups  made  field 
identifications  and  also  collected  some  taxa 
for  later  identification.  For  vascular  plants,  no- 
menclature and  species  concepts  followed  that 
of  Rothrock  (2004). 

The  terrestrial  insect  group  consisted  of  one 
observer,  Robert  Jean,  Indiana  State  Univer- 
sity. He  searched  in  upland  second  growth  for- 
est (some  areas  of  old  growth),  lawn  pastures, 
around  the  pond,  and  in  the  floodplain  near 
Otter  Creek. 

The  amphibian  and  reptile  group  consisted 
of  four  observers  led  by  Robert  D.  Brodman, 
St.  Joseph's  College.  They  searched  deciduous 
forest  edge  and  interior,  the  pond  and  shore- 
line, the  edges  of  Otter  Creek,  and  open  park- 
land by  overturning  rock  and  wood  cover  ob- 
jects and  debris.  They  recorded  four 
amphibian  species;  the  aquatic  team  recorded 
two  additional  species  in  Otter  Creek.  The  no- 
menclatural  authority  used  for  amphibians  and 
reptiles  was  Crother  et  al.  (2001). 

The  bird  group  consisted  of  six  observers 
led  by  Peter  Scott,  Indiana  State  University. 
They  searched  upland  deciduous  forest  edges 
and  interior  (70%  of  survey  time),  a  pond  (~  1 
ha  in  size)  and  its  shoreline  (5%  of  time),  and 
early  successional  shrubs  and  herbs  in  a  power 
line  corridor  within  the  forest  (25%  of  time). 
The  nomenclatural  authority  used  for  birds 
was  Banks  et  al.  (2003). 

The  mammal  group  consisted  of  three  ob- 
servers led  by  John  O.  Whitaker,  Jr.,  Indiana 
State   University.   They   deployed   450   snap- 


traps  and  50  live  traps  for  one  night  (6-7  Oc- 
tober; 500  trap-nights).  They  trapped  in 
weedy,  grassy  areas  along  a  mowed  field, 
along  Otter  Creek,  and  in  a  cornfield.  They 
also  made  visual  and  aural  observations  dur- 
ing the  trapping  and  collecting  period.  The  no- 
menclatural authority  used  for  mammals  was 
Mumford  &  Whitaker  (1982). 

RESULTS  AND  DISCUSSION 

The  biological  diversity  recorded  by  35  ob- 
servers within  a  three-hour  time  block  (with 
some  additional  effort  for  mammals  and 
aquatic  species)  on  the  afternoon  of  7  October 
2005  was  370  species;  205  plant  species  (4 
phyla),  43  fungus  species  (2  phyla),  9  insect 
species  (5  families),  8  bivalve  species  (2  fam- 
ilies), 2  crayfish  species  (1  family),  52  fish 
species  (9  families),  6  amphibian  species  (4 
families),  34  bird  species  (21  families),  and 
1 1  mammal  species  (7  families).  Due  to  space 
considerations,  a  summary  table  with  the 
number  of  species  listed  by  phyla  (plants  and 
fungi)  and  by  class  and  family  (all  other  taxa) 
is  provided  here  (Table  1).  A  complete  list- 
ing of  the  species  observed  is  posted  on 
the  Indiana  Academy  website  (http://www. 
indianaacademyofscience.org/),  available 
through  the  Biodiversity  and  Natural  Areas 
Committee  of  the  Academy,  and  from  the  first 
author.  None  of  the  survey  groups  recorded 
species  that  were  new  records  for  the  geo- 
graphic area  or  that  are  listed  as  federally  or 
state  endangered.  Species  recorded  were  rep- 
resentative of  the  taxa  expected  to  be  found 
in  a  suburban/rural  mosaic  of  forest  patches, 
residential  areas,  and  agricultural  land  use  in 
the  lower  Wabash  River  drainage  in  south- 
western Indiana. 

Of  the  205  plant  species  observed  during 
the  short-term  BioBlitz,  173,  or  84.4%,  were 
native  and  32,  or  15.6%,  were  non-native.  Us- 
ing the  floristic  quality  assessment  program 
(Wilhelm  &  Masters  1999;  Rothrock  2004), 
the  following  information  was  generated:  Flo- 
ristic Quality  Index  (FQI)  for  native  species 
only  is  48.4,  while  the  FQI  for  all  species  is 
44. 5, and  the  mean  C  (e.g.,  Coefficient  of  Con- 
servatism) for  only  the  native  plants  is  3.7, 
while  for  all  plant  species,  the  mean  C  =  3.1. 
These  numbers  suggest  that  the  area  of  Forest 
Park  appraised  contains  some  remnants  of  the 
region's  natural  heritage.  Nevertheless,  be- 
cause the  difference  between  the  native  mean 


KARNS  ET  AL.— BIOBLITZ  IN  VIGO  COUNTY 


85 


Table  1. — Summary  list  of  the  number  of  terres- 
trial and  aquatic  species  identified  during  the  short- 
term  BioBlitz,  Otter  Creek,  Vigo  County,  Indiana. 
Species  numbers  are  listed  by  phyla  (plants  and 
fungi)  and  by  class  and  family  (all  other  taxa).  See 
text  for  details  regarding  collection  location  and 
methods. 


Table  1. — Continued. 


Tax  on 
(Common  name) 

Number 

of 
species 

Plants 
Equisetophyta  (horestails) 
Polypodiophyta  (ferns) 
Coniferophyta  (conifers) 
Magnoliophyta  (angiosperms) 

native 

non-native 

2 
6 
1 

164 

32 

Fungi 
Ascomycota  (sac  fungi) 
Basidiomycota  (club  fungi) 

3 
40 

Insects 

Apidae  (bumble  bees,  honey  bees  & 

allies) 
Nymphalidae  (brush-footed  butterflies) 
Lycaenidae  (gossamer-winged  butter- 
flies) 
Pieridae  (whites,  sulfurs  &  allies) 
Acrididae  (short-horned  grasshoppers) 

2 
3 

1 
1 
2 

Crustaceans 

Cambaridae  (crayfish) 

2 

Bivalves 

Unionidae  (unionid  mussls) 
Corbiculidae  (Asian  clams) 

7 

1 

Fish 

Clupeidae  (herrings)  1 

Cyprinidae  (minnows)  19 

Catostomidae  (suckers)  7 

Ictaluridae  (catfish)  4 

Fundulidae  (topminnows)  1 

Moronidae  (temperate  basses)  1 
Centrarchidae  (black  basses  &  sunfish)        10 

Percidae  (perch  &  darters)  9 

Sciaenidae  (freshwater  drums)  1 

Amphibians 

Proteidae  (mudpuppies)  1 

Plethodontidae  (lungless  salamanders)  3 

Hylidae  (treefrogs)  1 

Ranidae  (frogs)  1 

Birds 

Anatidae  (swans,  geese,  &  ducks)  1 

Phasianidae  (upland  game  birds)  1 

Ardeidae  (wading  birds)  1 

Cathartidae  (New  World  vultures)  1 


Taxon 
(Common  name) 


Number 

of 
species 


Accipitridae  (diurnal  raptors) 
Strigidae  (owls) 
Apodidae  (swifts) 
Picidae  (woodpeckers) 
Tyrannidae  (tyrant  flycatchers) 
Corvidae  (jays  &  crows) 
Paridae  (titmice  &  chickadees) 
Sittidae  (nuthatches) 
Troglodytidae  (wrens) 
Regulidae  (kinglets) 
Turdidae  (thrushes) 
Bombycillidae  (waxwings) 
Parulidae  (wood-warblers) 
Emberizidae  (sparrows) 
Cardinalidae  (cardinals  &  allies) 
Icteridae  (icterids) 
Fringillidae  (finches) 

Mammals 
Talpidae  (moles) 
Soricidae  (shrews) 
Leporidae  (rabbits) 
Sciuridae  (squirrels) 
Cricetidae  (mice  &  voles) 
Procyonidae  (raccoons) 
Cervidae  (deer) 

Total 


370 


C  and  the  mean  C  for  all  species  is  greater 
than  0.5,  this  suggests  that  the  natural  flora 
has  been  compromised  by  the  non-native  spe- 
cies (Swink  &  Wilhelm  1994:  Rothrock  & 
Homoya  2005).  However,  due  to  the  short  du- 
ration and  single-season  sample  of  the  Otter 
Creek  BioBlitz,  these  numbers  should  be  in- 
terpreted with  caution. 

A  total  of  40  species  of  fish  was  recorded 
from  the  Highway  41  site  and  44  species  from 
the  Markles  Mill  Dam  site,  for  a  total  of  52 
different  fish  species  from  the  combined  sites. 
The  Markles  Mill  Dam  site  is  notable  tor  its 
stability  in  physical  characteristics  over  the 
last  180  years  and  its  high  species  diversity 
(Whitaker  1976).  Whitaker  (1976)  reported 
the  composition  of  the  fish  assemblage  col- 
lected at  the  Markles  Mill  Dam  over  a  12-year 
(28  collections)  period:  a  total  of  5~  fish  spe- 
cies was  recorded.  This  data  set  has  been  an- 
alyzed multiple  times  in  a  series  of  papers 
dealing  with  theoretical  aspects  of  community 
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structure  (e.g.,  Grossman  et  al.  1985).  It  is 
noteworthy  that  the  BioBlitz  reported  here  re- 
corded 44  species  from  Markles  Mill  Dam  in 
a  one-day  sampling  period,  compared  to  57 
species  over  a  1 2-year  period. 

The  number  of  species  recorded  during  a 
BioBlit/  is  dependent  on  a  number  of  vari- 
ables, such  as  seasonality,  weather  conditions 
preceding  and  during  the  survey,  the  number 
and  type  of  wetlands  on  the  site,  the  number 
of  collectors,  and  taxonomic  expertise  of  the 
collectors.  We  sampled  during  the  day,  in  ear- 
ly fall,  with  dry  weather  conditions.  For  this 
reason,  it  is  not  surprising  that  we  recorded 
only  six  species  of  amphibians.  Four  of  the 
species  were  found  in  the  vicinity  of  a  forest- 
ed ravine  with  a  small  stream,  and  the  other 
two  were  collected  by  the  aquatic  team  in  Ot- 
ter Creek.  Alternatively,  depending  on  mois- 
ture levels,  fall  is  a  good  time  for  locating 
fungus  species,  and  43  species  were  recorded. 
A  full  BioBlitz  typically  lasts  24  hours  (al- 
though some  run  longer),  and  nocturnal  spe- 
cies would  have  been  observed  that  we  did 
not  record.  Our  survey  groups  were  strongly 
biased  toward  plants  (15  of  35  collectors)  and 
vertebrates  (15  of  35  collectors).  Inverte- 
brates, especially  insects,  are  clearly  under- 
represented  in  the  survey,  and  more  expertise 
with  invertebrates  would  have  added  a  signif- 
icant number  of  species  to  the  inventory. 

Other  Midwestern  U.S.  BioBlitzes  have 
been  conducted  that  provide  a  basis  of  com- 
parison among  regional  BioBlitz  events.  The 
Allerton  BioBlitz  (the  first  BioBlitz  in  Illinois) 
was  conducted  on  29-30  June  2001  at  Robert 
Allerton  Park  near  Monticello,  Illinois  in  Piatt 
County.  The  Calumet  BioBlitz  was  conducted 
on  23-24  August  2002  on  the  southeast  side 
of  Chicago  in  Cook  County,  Illinois  and  in 
adjacent  Hammond  in  Lake  County,  Indiana 
(Parker  2002;  Post  2003).  These  BioBlitz 
events  were  sponsored  by  several  government 
and  private  agencies.  At  the  Allerton  BioBlitz, 
over  160  scientists  recorded  2047  species  in 
24  hours  from  a  protected  natural  area.  At  the 
Calumet  BioBlitz,  over  130  scientists,  divided 
into  26  taxonomic  teams,  recorded  a  total  of 
2257  species  in  the  24-hour  collecting  period, 
despite  the  fact  that  the  general  area  of  the 
BioBlitz  has  been  the  location  of  major  in- 
dustrial activities  for  over  a  century. 

The  Bell  Museum  of  Natural  History,  Uni- 
versity of  Minnesota,  has  organized  a  smaller 


scale  BioBlitz  since  2004  (Bell  Museum 
2006).  On  19-20  May  2006,  over  a  24-hour 
period,  40  researchers  and  experienced  vol- 
unteers (similar  in  number  to  our  short-term 
BioBlitz)  sampled  an  area  that  included  a  city 
neighborhood,  farm  fields,  a  university  cam- 
pus, suburban  housing,  and  a  golf  course. 
They  recorded  a  total  of  876  species  (456 
plant  species,  54  fungus,  78  mammal,  232  in- 
sect, 2  fish,  2  reptile,  3  amphibian,  18  spider, 
3  mollusk,  and  8  other  invertebrate  species). 
In  2004  they  recorded  750  species  over  a  24- 
hour  period  at  a  nature  center  and  just  under 
1000  species  in  2005  at  the  Minnesota  Na- 
tional Wildlife  Refuge  over  a  24-hour  period. 
We  have  assembled  an  inventory  of  Bio- 
Blitz events  held  in  Indiana.  We  recognize  that 
this  may  not  be  a  complete  list  due  to  the 
manner  in  which  BioBlitz  events  are  often  re- 
ported (via  news  media  outlets  and  websites). 
The  2002  Calumet  BioBlitz  took  place  in  both 
Illinois  and  Indiana  and,  to  the  best  of  our 
knowledge,  was  the  first  BioBlitz  held  in  In- 
diana. The  second  BioBlitz  held  in  Indiana 
was  conducted  on  17  April  2004  at  Camp 
Lawrence,  a  139-acre  children's  summer  camp 
in  Porter  County.  There  were  17  biologists, 
naturalists,  and  volunteer  participants  in- 
volved and  over  300  visitors  (Alan  Resetar, 
Field  Museum,  personal  communication).  A 
total  of  366  species  (including  8  fish  species, 
8  amphibian  and  reptile,  44  bird,  9  mammal, 
and  189  plant  species)  was  recorded  in  seven 
hours.  The  2005  Otter  Creek  short-term 
BioBlitz  reported  here  is  the  third  BioBlitz 
held  in  Indiana.  A  fourth  BioBlitz  was  con- 
ducted by  ACRES  land  trust  at  the  Kokiwanee 
Nature  Preserve  in  Wabash  County  in  north- 
eastern Indiana  on  9-10  June  2006;  the  event 
was  a  full  24-hour  BioBlitz  with  at  least  10 
scientists  (Kimmel  2006).  Three  short-term 
BioBlitzes,  hosted  by  the  Purdue  University 
Cooperative  Extension  Service  and  the  Floyd 
County  Soil  and  Water  Conservation  District, 
were  held  at  Loop  Islands  Wetlands,  New  Al- 
bany (20  July  2006),  Charlestown  State  Park, 
Charlestown  (27  July  2006),  and  the  Mount 
Saint  Francis  Wildlife  Sanctuary,  Floyd 
Knobs  (10  August  2006)  in  southern  Indiana. 
A  six-hour  BioBlitz  was  held  23  September 
2005  at  St.  Patrick's  County  Park  in  South 
Bend,  Indiana.  Thus,  we  have  been  able  to 
identify    eight    BioBltiz    events    of    variable 


KARNS  ET  AL.— BIOBLITZ  IN  VIGO  COUNTY 


87 


scope  that  took  place  in  Indiana  between  2001 
and  2006. 

BioBlitzes  vary  widely  in  the  number  of 
participants,  taxonomic  expertise,  duration, 
and  size  of  the  area  surveyed.  Details  of  the 
BioBlitz  (number  collectors,  species  list)  are 
sometimes  not  easily  available.  However,  a 
crude  comparison  can  be  made  by  dividing  the 
total  number  of  species  observed  by  the  num- 
ber of  person-hours  invested  (number  collec- 
tors times  number  of  hours),  when  this  infor- 
mation can  be  obtained.  We  calculated  that  the 
Otter  Creek,  2005  BioBlitz  (370  species,  35 
collectors,  3  hours)  recorded  3.5  species  per 
collector/hour;  Camp  Lawrence  2004  (366, 
17,  7):  3.1;  Minnesota  2006  (876,  40,  24):  0.9; 
Calumet  2002  (2257,  130,  24):  0.7;  and  Al- 
lerton  Park  2001  (2047,  160,  24):  0.3.  Thus, 
not  surprisingly,  the  24-hour  BioBlitzes  record 
more  species  than  short-term  BioBlitz  events, 
but  the  number  of  species  per  collector-hour 
is  lower.  Considering  the  short  duration  and 
lack  of  taxonomic  coverage  of  the  Otter  Creek 
short-term  BioBlitz,  the  total  of  370  species 
recorded  is  somewhat  surprising  and  impres- 
sive. 

The  scientific  usefulness  of  BioBlitz  events 
varies  considerably;  some  are  conducted  as 
formal,  intensive  surveys  with  the  participa- 
tion of  many  taxonomic  specialists  and  qual- 
ified naturalists  (e.g.,  Calumet  BioBlitz,  the 
BioBlitz  reported  here),  others  are  primarily 
public  education  events  in  which  the  quality 
of  the  scientific  results  of  the  survey  is  not  as 
important  as  the  educational  experience  pro- 
vided. BioBlitzes  cannot  provide  a  complete 
species  inventory  nor  be  used  as  the  basis  of 
a  formal  monitoring  program.  However;  they 
can  provide  valuable  scientific  information 
through  documentation  of  species  occurrences 
(Droege  2006;  Lundmark  2006).  For  example, 
BioBlitzes  can  identify  sites  where  rare  or 
unique  native  species  are  found,  identify  in- 
vasive species  (as  done  in  this  report)  that 
may  need  to  be  monitored  or  controlled,  and 
they  can  jumpstart  a  more  complete  species 
inventory  of  an  area.  BioBlitz  events  bring  to- 
gether specialists  from  diverse  disciplines  that 
might  not  normally  interact  and  may  result  in 
synergy  among  disciplines  and  agencies. 

Just  as  important,  a  BioBlitz  event  provides 
a  valuable  service  of  public  education  that  at- 
tracts non-specialists  and  allows  them  to  in- 
teract with  the  scientific  community  in  ways 


that  might  not  otherwise  be  possible.  Chil- 
dren, in  particular,  find  BioBlitzes  exciting, 
which  can  generate  much  needed  interest  in 
science.  BioBlitzes  can  generate  considerable 
media  attention  and  help  increase  general 
awareness  about  the  natural  world  and  gen- 
erate interest  in  conservation  issues  (Droege 
2006).  The  Biodiversity  and  Natural  Areas 
Committee  of  the  Indiana  Academy  of  Sci- 
ences is  investigating  the  development  of  a 
BioBlitz  program  for  the  State  of  Indiana. 
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A  BRIEF  SURVEY  OF  THE  RARE  TERRESTRIAL 
NATURAL  COMMUNITIES  AND  ASSOCIATED  VASCULAR 
FLORA  OF  THE  WABASH  RIVER  CORRIDOR  IN  INDIANA 

Michael  A.  Homoya:      Indiana  Department  of  Natural  Resources,  Division  of  Nature 
Preserves,  402  West  Washington  Street,  Room  W267,  Indianapolis,  Indiana  46204 
USA 

ABSTRACT.  Along  the  Wabash  River  corridor  in  Indiana  there  exists  an  array  of  rare  terrestrial  natural 
communities  that  includes  such  diverse  examples  as  cliffs,  seepage  wetlands,  prairies,  flatwoods.  and  bald 
cypress  swamps.  Many  examples  are  quite  small,  existing  either  naturally  in  small  patches,  or  as  remnants 
of  a  formerly  more  extensive  occurrence.  Many  possess  rare  species,  including  several  that  in  Indiana  are 
mostly  confined  to  the  corridor.  Examples  include  Tennessee  milk-vetch  (Astragalus  tennesseensis),  water 
locust  {Gleditsia  aquatica),  Amazon  sprangletop  (Leptochloa  panicoides),  Lesquereux's  mustard  (Les- 
querella  globosa),  cylindric-fruited  seedbox  (Ludwigia  glandulosa),  plains  muhlenbergia  (Muhlenbergia 
cuspidata),  glade  mallow  (Napaea  dioica),  Canada  burnet  {Sanguisorba  canadensis),  Forbes'  saxifrage 
(Saxifraga  forbesii),  and  woodland  pinkroot  (Spigelia  marilandica). 

Keywords:     Wabash  River,  Indiana  rare  vascular  plants,  Indiana  rare  natural  communities 


Along  its  course  through  Indiana  the  Wa- 
bash River  flows  through  a  diversity  of  natural 
communities  that  is  considerable  for  such  a 
relatively  short  run.  The  context  for  these 
communities  is  the  natural  regions  through 
which  the  river  flows,  viz.,  the  Central  Till 
Plain,  Southwestern  Lowlands,  and  Southern 
Bottomlands  (Homoya  et  al.  1985).  Other  than 
the  dissected  topography  created  by  the  en- 
trenchment of  the  river  and  its  tributaries,  the 
general  area  within  these  natural  regions  is 
relatively  level.  The  landforms  are  a  conse- 
quence of  glacial  activity,  with  ice  having  oc- 
cupied almost  all  of  the  terrain  except  that 
within  the  last  few  miles  of  the  current  river's 
course  (Gray  2000).  The  glacial  landforms, 
along  with  bedrock  exposure,  climate,  and  en- 
vironmental perturbations  such  as  fire,  have 
helped  to  mold  the  vegetation  found  in  the 
Wabash  River  corridor. 

This  paper  addresses  those  rare  natural 
communities  along  the  Wabash  River  corridor 
that  were  formerly  common,  e.g.,  tallgrass 
prairie,  or  always  rare  and  localized,  e.g., 
limestone  cliff.  [The  corridor,  as  defined  here, 
includes  that  area  generally  within  3  km  hor- 
izontally perpendicular  to  the  edge  of  the  riv- 
er's floodplain].  The  order  of  discussion  starts 
with  the  natural  regions  and  rare  communities 
in  the  upper  portion  of  the  Wabash  River  cor- 


ridor, and  ends  at  the  river's  confluence  with 
the  Ohio  River.  A  partial  list  of  associated  rare 
flora  is  also  provided,  including  (but  not  re- 
stricted to)  species  confined  in  Indiana  mostly 
to  the  corridor.  Emphasis  is  also  placed  on 
species  occurring  as  disjuncts  and  those  at  the 
edge  of  their  range. 

METHODS 

Most  of  the  communities  and  species  re- 
ported herein  have  been  directly  observed  b\ 
members  of  the  Division  of  Nature  Preserves 
and  subsequently  documented  and  stored  in 
the  database  and  files  o(  the  Indiana  Natural 
Heritage  Program  (2006).  The  number  of  ex- 
tant occurrences  statewide  determines  the 
state  rarity  categories  of  plants.  These  arc  Mate 
endangered  (SE).  with  1-5  known  occurrenc- 
es in  the  state;  state  threatened  (ST),  with  6- 
10  known  occurrences  in  the  state:  and  state 
rare  (SR).  with  1  1-20  known  occurrences  in 
the  state.  Additional  information  on  main  of 
these  is  discussed  in  Aldrich  et  al.  (1986). 
Homoya  (1983.  1988):  Homoya  &  Abrell 
(1986):  Homoya  et  al.  (199S).  Most  sites  in- 
dicated in  the  text  as  nature  preserves  are 
owned  and  managed  (and/or  dedicated)  h\  the 
Indiana  Department  of  Natural  Resources.  Di- 
vision of  Nature  Preserves, 

Nomenclature    for    most    species    follows 
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Gleason  &  Cronquist  (1991 ).  Authority  names 
are  given  for  exceptions. 

RESULTS  AND  DISCUSSION 

Central  Till   Plain  Natural   Region.— Of 

all  o\~  the  natural  regions  through  which  the 
Wabash  River  flows,  its  course  runs  the  lon- 
gest through  the  Central  Till  Plain  Natural  Re- 
gion and  its  sections.  Here  it  flows  through, 
in  sequential  order,  the  Bluffton  Till  Plain 
Section,  the  Tipton  Till  Plain  Section,  and  the 
Entrenched  Valley  Section.  In  Indiana  it  starts 
at  the  state  line  with  Ohio  and  continues  with- 
in the  region  to  just  north  of  Terre  Haute.  The 
following  are  rare  natural  communities  and 
vascular  plants  of  the  Wabash  River  corridor 
in  the  Central  Till  Plain  Natural  Region. 

Limestone  outcrop:  Within  the  Bluffton 
Till  Plain  is  a  stretch  of  the  river,  primarily 
from  Wabash  County  to  Cass  County,  that 
possesses  a  series  of  outcrops  of  Silurian  lime- 
stone (and  dolomite).  Although  small,  these 
outcrops,  occurring  as  cliffs  and  rocky  slopes, 
provide  a  naturally  exposed  bedrock  substrate 
that  is  exceptionally  uncommon  for  north- 
eastern Indiana.  They  are  host  to  several  plant 
species  that  are  both  uncommon  for  the  re- 
gion, as  well  as  the  state.  One  outcrop  near 
Logansport  is  of  particular  interest  by  provid- 
ing an  unusual  rock  habitat  for  death  camus 
(Zigadenus  elegans — SR)  and  tufted  hair 
grass  {Deschampsia  cespitosa — SR),  species 
that  elsewhere  in  Indiana  are  confined  to  fens. 
Other  species  of  note  include  forked  aster 
(Eurybia  furcata  (Burgess)  Nesom — SR), 
smooth  cliff  brake  fern  (Pellaea  glabella), 
harebell  {Campanula  rotundifolia),  black-fruit 
mountain  ricegrass  (Oryzopsis  racemosa — 
SR)  and  a  small  population  of  round-leaved 
serviceberry  (Amelanchier  sanguined),  a  spe- 
cies under  review  for  state  listing.  Other  rare 
species  associated  with  outcrops  on  or  near 
the  river  are  calami nt  (Satureja  glabella — SE) 
and  purple  oat  grass  (Schiz.achne  purpuras- 
cens — SE).  With  the  exception  of  one  popu- 
lation of  the  latter  in  LaGrange  County,  all 
known  populations  of  this  northern  grass  are 
in  proximity  to  the  Wabash  River.  Hanging 
Rock  Natural  Area  in  Wabash  County  con- 
tains examples  o\'  interesting  limestone  out- 
crop communities  bordering  the  Wabash  Riv- 
er. 

Sandstone  outcrop:  Most  sandstone  out- 
crops near  the  Wabash  River  occur  within  the 


Entrenched  Valley  Section  in  Warren  and 
Fountain  counties.  A  most  spectacular  exam- 
ple of  this  type  occurs  in  Portland  Arch  Na- 
ture Preserve.  Here  a  deep  canyon  lined  with 
sandstone  cliffs  provides  a  refugium  for  a 
number  of  species  uncommon  to  the  state  and/ 
or  natural  region.  Such  examples  include 
white  pine  (Pinus  strobus — SR).  Canada  blue- 
berry (Vaccinium  myrtilloides — SE),  winter- 
green  (Gaultheria  procumbens),  rock  spike- 
moss  (Selaginella  rupestris — ST),  pinnatifid 
spleenwort  (Asplenium  pinnatifidum),  hay- 
scented  fern  (Dennstaedtia  punctilobula), 
northern  bush-honeysuckle  (Diervilla  loni- 
cera — SR),  and  Forbes'  saxifrage  (Saxifraga 
forbesii  Vasey — SE).  Within  Indiana,  Forbes' 
saxifrage  is  confined  to  sandstone  outcrops 
along  the  Wabash  River  and  its  immediate 
tributaries.  Most  of  Indiana's  populations  of 
the  forked  aster  (Eurybia  furcata  (Burgess) 
Nesom — SR)  are  found  on  sandstone  outcrops 
along  and  near  the  Wabash  River,  although  it 
also  occurs  on  limestone  (see  above)  and  me- 
sic  gravel  slopes.  Burgette  and  Knudson 
(1976)  provide  a  list  of  additional  species  for 
Portland  Arch. 

Gravel  barrens  (Gravel  hill  prairie):  Lo- 
calized deposits  of  glacial  outwash  gravel  and 
sand  form  a  substrate  that,  where  found  on 
steep-sided,  south  or  west-facing  slopes,  cre- 
ates a  rather  xeric  environment  known  as 
gravel  barrens  (Homoya  1994)  or  gravel  hill 
prairies  (Post  et  al.  1985;  White  &  Madany 
1978).  In  Indiana,  the  most  diverse  examples 
of  these  small  communities — each  less  than 
0.5  ha — occur  on  steep  hillsides  bordering  the 
Wabash  River  in  the  vicinity  of  Lafayette  in 
Tippecanoe  County.  The  community  is  con- 
ducive to  the  growth  of  drought-adapted 
grasses  and  forbs,  and  it  harbors  species  more 
commonly  found  in  climatically  dry  commu- 
nities considerably  farther  west,  e.g.,  western 
wallflower  (Erysimum  capitatum  (Doug.) 
Greene — ST),  plains  muhlenbergia  (Muhlen- 
bergia  cuspidata — SE),  and  narrow-leaved 
puccoon  (Lithospermum  incisum — SE).  In  In- 
diana these  species  are  mostly  confined  to  the 
Wabash  River  corridor.  Other  rarities  of  the 
community  include  Pitcher's  stichwort  (Ar- 
enaria  patula — SE),  kitten  tails  (Besseya  bul- 
la— SE),  and  disjunct  occurrences  of  post  oak 
(Que reus  stellata),  aromatic  aster  (Symphio- 
trichum  oblongifolium  (Nutt.)  Nesom — SR) 
and  narrowleaf  summer  bluets  (Hedyotis  ni- 
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gricans — SR).  Tennessee  milkvetch  (Astrag- 
alus tennesseensis — extirpated),  a  species  of 
the  glades  and  barrens  in  Tennessee  and  Al- 
abama with  disjunct  occurrences  in  Illinois 
and  Indiana,  was  collected  at  only  one  site  in 
the  state,  near  Lafayette  (Stuart  1902).  Stuart 
indicated  collecting  it  from  sandy  bottomland 
(along  Wea  Creek),  an  unusual  habitat  for  the 
species.  A  more  expected  habitat,  and  perhaps 
the  seed  source  for  the  bottomland  plants, 
would  have  been  the  gravel  barrens  occurring 
on  adjacent  slopes.  The  species  has  not  been 
collected  nor  reported  in  Indiana  since  1901. 
Wea  Creek  Nature  Preserve,  located  in  Tip- 
pecanoe County,  harbors  some  of  the  above 
listed  species. 

Fen:  Fens — wetland  communities  formed 
by  upwelling  of  groundwater  flowing  in  a  dif- 
fuse manner  through  a  surface  layer  of  peat 
or  muck — occur  along  most  of  the  course  of 
the  Wabash  River,  but  primarily  in  the  portion 
located  in  the  Central  Till  Plain.  The  fens  are 
typically  positioned  at  the  bases  of  slopes  and 
in  ravine  valleys  bordering  the  river,  but  can 
also  occur  on  relatively  level  terraces  between 
the  river  and  adjacent  hills.  Community  struc- 
ture can  range  from  forested  to  graminoid,  the 
latter  generally  the  type  with  the  greatest  spe- 
cies diversity.  Occurrences  of  rare  or  uncom- 
mon species  include  small  white  lady's-slipper 
(Cypripedium  candidum),  small  yellow  lady's- 
slipper  (C  parviflorum  Salisbury  van  makasin 
(Farwell)  Sheviak — SR),  queen-of-the-prairie 
(Filipendula  rubra),  and  shining  ladies' -tress- 
es (Spiranthes  lucida — SR).  Canada  burnet 
(Sanguisorba  canadensis — SE)  is  one  of  the 
rarest  and  most  localized.  Only  three  extant 
populations  are  known,  and  all  occur  in  fens 
bordering  the  Wabash  River.  The  absence  of 
the  species  in  other  seemingly  prime  habitat 
in  the  far  northern  counties  is  an  enigma.  Most 
Indiana  occurrences  of  glade  mallow  (Napaea 
dioica — SR)  are  confined  to  the  lowland  ter- 
races bordering  the  upper  Wabash  River. 
While  there  is  no  apparent  natural  community 
where  this  species  occurs  today,  it  might  have 
been  a  fen  (and  prairie)  edge  plant  in  preset- 
tlement  times.  As  almost  all  of  the  terrace  fens 
have  been  converted  to  agricultural  uses,  the 
mallow  has  persisted  only  in  strips  of  edge 
habitat  along  roadsides  and  fence  rows.  Spe- 
cies representative  of  fens  along  the  Wabash 
River  are  listed  in  Ebinger  &  Bacone  (1981). 
Small  examples  of  fens  bordering  the  Wabash 


River  occur  in  Prophetstown  State  Park  in 
Tippecanoe  County. 

Tallgrass  prairie:  Tallgrass  prairie  vege- 
tation on  loam  soils  occurred  on  slopes  and 
valleys  bordering  the  Wabash  River,  especial- 
ly nearby  in  those  counties  that  are  included 
within  the  Grand  Prairie  Natural  Region,  viz., 
Tippecanoe,  Warren,  and  Vermillion.  Essen- 
tially all  of  the  community  has  been  converted 
to  agriculture  or  shaded  out  of  existence  by 
trees  (due  to  fire  suppression).  Remnants  arc 
confined  to  a  few  pioneer  cemeteries  and 
fence  rows.  In  the  few  remaining  square  me- 
ters of  prairie  vegetation  extant  along  the  Wa- 
bash a  few  rare  species  persist,  including  royal 
catchfly  (Silene  regia — ST),  prairie  wild  hy- 
acinth (Camassia  angusta  (Engel.  &  Gray) — 
SE),  and  prairie  violet  (Viola pedatifida  Don.). 
Additional  species  for  the  community  in  In- 
diana can  be  found  in  Betz  (1978).  Smith 
Cemetery  Nature  Preserve,  located  in  Vermil- 
lion County,  is  one  of  the  few  remnants  of 
tallgrass  prairie  in  the  region. 

Southwestern  Lowlands  Natural  Re- 
gion.— The  Southwestern  Lowlands  Natural 
Region  is  the  area  of  relatively  low  relief  in 
southwestern  Indiana  south  of  the  Wisconsi- 
nan  glacial  border  and  west  of  the  rugged 
Shawnee  Hills.  The  Wabash  River  courses 
through  this  area  from  just  north  of  Terre 
Haute  in  Vigo  County  southward  to  Merom  m 
Sullivan  County,  at  which  point  the  river  then 
begins  its  course  through  the  floodplain  com- 
munities found  in  the  Southern  Bottomlands 
Natural  Region.  The  Southwestern  Low  lands 
Natural  Region  is  never  far  from  the  Wabash 
River  however,  as  it  borders  the  Southern  Bot- 
tomlands from  Merom  to  the  river's  conflu- 
ence with  the  Ohio  River  in  Posey  Count). 
The  following  are  rare  natural  communities 
and  vascular  plants  of  the  Wabash  River  cor- 
ridor in  the  Southwestern  Lowlands  Natural 
Region. 

Sand  barrens  (sand  prairie):  Examples  of 
sand  barrens  occur  along  the  Wabash  River 
from  near  Lafayette  and  extending  southward: 
but  the  most  extensive  ones,  at  least  histori- 
cally, were  near  and  south  of  Terre  Haute. 
Sand  barrens  are  located  on  eolian  sand  de- 
posits and  are  mostly  positioned  on  the  lee- 
ward side  o\'  the  river.  The  sand)  substrate  is 
commonl)  quite  dr\  due  to  excessive  drainage 
through  the  coarse-grained  material.  Histori- 
cally much  of  it  was  dominated  b\  graminoid 
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vegetation  interspersed  with  small  growths  of 
oak  and  hickory  trees.  Like  the  fen  and  loam 
prairie  communities,  most  sand  barrens  have 
been  converted  to  agricultural  uses,  and  thus 
only  very  small  remnants  remain.  Rare  spe- 
cies associated  with  sand  barrens  include 
heavy  sedge  (Carex  gravida — SE),  hairy 
golden-aster  {Heterotheca  camporum  (Greene) 
Shinners  van  camporum — ST),  slender-stalked 
gaura  (Gaura  filipes — ST),  tube  penstemon 
{Penstemon  tubaeflorus — extirpated),  Caroli- 
na anemone  {Anemone  caroliniana — extirpat- 
ed), clustered  poppy-mallow  (Callirhoe  trian- 
gulata — extirpated),  and  black  hickory  (Carya 
texana — SE).  The  latter  three  are  known  in 
Indiana  only  from  barrens  bordering  the 
Wabash  River.  Additional  species  of  the  com- 
munity can  be  found  in  Homoya  (1994).  Al- 
though not  in  the  natural  region,  a  represen- 
tative example  of  the  type  occurs  in 
Tippecanoe  County  at  Granville  Sand  Barrens 
Nature  Preserve. 

Tallgrass  prairie:  Although  deep  soil 
prairie  is  no  longer  known  to  exist  along  the 
Wabash  River  in  this  natural  region,  it  was 
documented  as  occurring  there.  Place  names, 
such  as  Prairie  Creek  and  Prairie  Creek  Town- 
ship in  Vigo  County,  attest  to  its  former  oc- 
currence. Historical  accounts  by  early  visitors 
and  pioneers  (Thomas  1916),  as  well  as  notes 
taken  by  the  surveyors  of  the  General  Land 
Office  (General  Land  Office  1799-1834),  in- 
dicate the  presence  of  several  prairies  in  the 
region.  Today  along  the  Wabash  River  only 
scattered  individual  prairie  plants  have  sur- 
vived, and  of  the  listed  rare  species,  only  very 
old  records  of  royal  catchfly  (Silene  regia)  are 
known  from  the  prairie  in  this  area. 

Southwestern  lowland  flatwoods:  In  the 
level  uplands  bordering  the  Wabash  River,  es- 
pecially in  the  far  southern  portion  of  Posey 
County,  are  flatwoods  that  harbor  some  of  the 
most  interesting  vegetation  in  the  state.  Dom- 
inated mostly  by  post  oak  (Quercus  stellata), 
cherry  bark  oak  (Q.  pagoda),  and  shagbark 
hickory  (Carya  ovata),  these  flatwoods  pos- 
sess a  mix  of  floodplain  forest  species  and 
those  from  prairie  and  dry  forest  communities. 
The  wetland  species  occur  in  the  shallow  de- 
pressions, e.g.,  spider  lily  (Hymenocallis  oc- 
cidental is  (Le  Conte)  Kunth  var.  occidentalis), 
deciduous  holly  (Ilex  decidua),  purple  fringe- 
less  orchid  {Platanthera  peramoena  (Gray) 
Gray),    narrow-leaved    cattail    sedge    (Carex 


squarrosa),  swamp  oval  sedge  (C.  muskingu- 
mensis),  and  common  wood  reed  (Cinna  arun- 
dinacea).  On  the  slightly  higher  and  drier  ar- 
eas the  prairie  and  dry  forest  species  can  be 
found,  e.g.,  stiff  goldenrod  (Solidago  rigida), 
blazing  star  (Liatris  spicata),  rattlesnake  mas- 
ter (Eryngium  yuccifolium),  and  big  blue  stem 
(Andropogon  gerardii).  A  more  detailed  de- 
scription and  species  list  are  found  in  Aldrich 
&  Homoya  (1984).  Rare  species  noted  from 
the  community  are  many,  including  buffalo 
clover  (Trifolium  reflexion — SE),  eastern  eu- 
lophus  (Perideridia  americana — SE),  broom 
panic  grass  (Dichanthelium  scoparium  (Lam.) 
Gould — SE),  clustered  fescue  (Festuca  para- 
doxa — ST),  blackfoot  quillwort  (Isoetes  me- 
lanopoda — ST),  Wolf  blue  grass  (Poa  wolfii — 
SR),  rough  rattlesnake  root  (Prenanthes 
aspera — SR),  and  Wolf  spikerush  (Eleocharis 
wolfii — SR).  Rare  species  restricted  in  Indiana 
to  the  community  type  near  the  Wabash  in- 
clude woodland  pinkroot  (Spigelia  marilan- 
dica — SE),  Buckley's  goldenrod  (Solidago 
buckleyi — SE),  and  Lesquereux's  mustard 
(Lesquerella  globosa — SE).  The  occurrence 
of  the  Lesquerella  here  is  remarkable,  as  it  is 
the  only  station  for  the  species  outside  of  its 
known  range  in  the  Central  Basin  of  Tennes- 
see and  the  Inner  Bluegrass  in  Kentucky.  Sec- 
tion Six  Nature  Preserve  in  Posey  County  is 
home  to  several  of  the  species  referenced 
above. 

Southern  Bottomlands  Natural  Region. — 
The  Wabash  River  flows  through  the  Southern 
Bottomlands  Natural  Region  from  the  general 
area  of  Merom  in  Sullivan  County  to  its  con- 
fluence with  the  Ohio  River  in  southern  Posey 
County.  The  lowland  region  is,  as  the  name 
implies,  "southern,"  not  only  because  of  its 
location  in  the  state,  but  also  by  the  geograph- 
ic affinity  of  many  of  its  organisms  to  the 
southern  U.S.  The  principal  communities  are 
wetland  and  aquatic  ones,  mainly  floodplain 
forest,  swamp,  pond,  and  lake.  The  following 
are  rare  natural  communities  and  vascular 
plants  of  the  Wabash  River  corridor  in  the 
Southern  Bottomlands  Natural  Region. 

Swamp  and  wet  floodplain  forest:  Of  spe- 
cial interest  in  the  natural  region  are  the 
swamps  dominated  by  bald  cypress  (Taxo- 
dium  distichum — ST).  The  most  northern  nat- 
ural occurrence  for  Taxodium  in  the  midwest- 
ern  U.S.  is  near  Vincennes  in  Knox  County 
(and  is  within  a  few  kilometers  of  being  the 
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northernmost  in  the  world).  Other  rare  species 
include  creeping  bur-head  {Echinodorus  cor- 
difolius^SE),  Amazon  sprangletop  (Lepto- 
chloa  panicoides — SE),  featherfoil  (Hottonia 
inflata — ST),  cylindric-fruited  seedbox  (Lud- 
wigia  glandulosa — ST),  bloodleaf  (Iresine 
rhizomatosa — SR),  Pursh  buttercup  (Ranun- 
culus pusillus — SE),  Mississippi  buttercup 
(Ranunculus  laxicaulis  Darby — SE),  social 
sedge  (Carex  socialis — SR),  short-bristle 
horned-rush  (Rhynchospora  corniculata — 
ST),  southern  rein  orchid  (Platanthera  flava 
(L.)  Lindley  var.  flava — SE),  climbing  dog- 
bane (Trachelospermum  dijforme — SR),  water 
locust  (Gleditsia  aquatica — SE),  water  purs- 
lane (Didiplis  diandra — SE),  and  catbird 
grape  (Vitis  palmata — SR).  Of  these,  the 
Echinodorus,  Gleditsia,  Eeptochloa,  and  Lud- 
wigia  are  confined  primarily  to  the  Wabash 
River  corridor.  A  prime  location  to  see  many 
of  these  species  is  in  Posey  County  at  Twin 
Swamps  Nature  Preserve. 
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FOREST  COMMUNITIES  AND  TREE  SPECIES  OF  THE  LOWER 

WABASH  RIVER  BASIN 

Marion  T.  Jackson:      Ecology  and  Organismal  Biology,  Indiana  State  University,  Terre 
Haute,  Indiana  47809  USA 

ABSTRACT.  The  nature  of  presettlement  forests  of  the  Lower  Wabash  River  basin,  as  documented  by 
the  naturalist  Robert  Ridgway,  is  presented.  Comparisons  are  made  between  the  composition  of  the  original 
forest  with  present-day  stands  on  various  floodplain  soils.  Brief  descriptions  are  given  for  representative 
forest  stands  within  the  study  area,  as  related  to  topographic  position  and/or  susceptibility  to  flooding. 
Eight  natural  areas  are  listed  where  remnants  of  original  vegetation  may  be  observed.  Fifteen  tree  species 
that  typify  southwestern  Indiana  are  described  briefly. 

Keywords:  Floodplain  vegetation,  forest  communities,  Lower  Wabash  Valley,  presettlement  forests, 
Robert  Ridgway,  tree  species  of  Indiana 


Some  of  the  most  impressive  presettlement 
forest  stands  of  the  Eastern  Deciduous  Forest 
Biome  grew  along  the  southern  reaches  of  the 
Wabash  River,  its  major  tributaries,  and  as- 
sociated lowlands  (Petty  &  Jackson  1966). 
Here  during  the  1870s  and  1880s,  naturalist 
Robert  Ridgway  (1872,  1882)  measured  and 
photographed  a  number  of  individual  trees 
that  exceeded  150  ft  (45  m)  in  height,  and 
regularly  reached  diameters  6  feet  (1.8  m)  or 
greater  on  the  fertile  soils  of  that  region.  For- 
est stands  remaining  in  southwestern  Indiana 
today  differ  greatly  from  the  vast  original  wil- 
derness, not  only  in  areal  extent,  but  also  in 
species  composition,  and  in  the  size  of  trees 
present. 

Statewide,  Indiana  forests  contain  approxi- 
mately 100  native  species  that  routinely  reach 
tree  size  at  maturity.  Of  these,  78  species  can 
be  found  within  the  Southwestern  Lowlands 
and  the  Southern  Bottomlands  Natural  Re- 
gions of  southwestern  Indiana  (Jackson  2004). 
A  few  of  these  species  are  unique  in  their  oc- 
currence (in  Indiana)  to  these  regions,  are  of 
special  interest  ecologically  or  taxonomically, 
or  are  at  or  near  their  northern  range  limit  in 
that  area  of  Indiana.  Nomenclature  for  tree 
species  follows  Gleason  &  Cronquist  (1991). 

NATURE  OF  THE  ORIGINAL  FOREST 
AND  RECORD  TREES 

From  early  reliable  accounts  (Ridgway 
1882;  DenUyl  1958:  Lindsey  et  al.  1961)  of 
the  nature  and  grandeur  of  the  forests  of  the 


Lower  Wabash  River  Valley,  it  is  doubtful  that 
more  magnificent  stands  of  hardwood  trees 
occurred  anywhere  in  the  Eastern  Deciduous 
Forest  Biome.  The  height,  girth,  and  density 
of  trees  growing  there  were  seldom  exceeded 
even  in  the  moist  cove  forests  of  the  southern 
Appalachian  Mountains  (Jackson  unpubl. 
data).  Considering  that  the  Wabash  River 
drains  some  of  the  finest  glaciated  landscape 
of  midwestern  U.S.,  it  is  understandable  that 
the  deep,  fertile,  well-drained  soils,  with  con- 
stant moisture  available,  would  produce  an 
original  forest  which  now  seems  improbable 
to  many  people. 

The  early  naturalist  Robert  Ridgway,  who 
grew  up  in  the  Lower  Wabash  Valley,  and 
who  spent  extended  periods  there  during  the 
1870s  and  1880s  photographing  (e.g.,  Figs.  1, 
2)  and  measuring  trees,  described  the  area  and 
its  forest:  "...  from  a  little  below  Vincennes 
(Indiana)  to  near  New  Harmony  (Illinois),  an 
exceedingly  heavy  virgin  forest,  some  of  the 
heaviest  hardwood  forest  I  have  seen — as  I 
have  twice  visited  the  Tropics  (Central  Amer- 
ica)— covered  almost  the  entire  flood  plain  of 
the  Wabash  on  the  Indiana  side.  If  the  forest 
is  viewed  from  a  high  bluff,  it  presents  the 
appearance  of  a  compact,  level  sea  of  green, 
apparently  almost  endless,  but  bounded  by  the 
line  of  wooded  bluffs  three  to  seven  miles 
back  from  the  river.  .  .  .  My  estimate  was  that 
the  tree  top  line  of  the  virgin  forest  along  the 
Lower  Wabash  .  .  .  may  have  been  as  much  as 
120  feet.  It  was  remarkably  uniform,  forming 
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Figure  1. — View  (July  1890)  of  pin  oak  (Quercus 
palustris  Muenchh.)  in  the  Wabash  Bottoms,  4  or  5 
miles  (7-9  km)  south  of  Vincennes,  Indiana.  (Rob- 
ert Ridgway  photo) 


a  practically  straight  level  line,  with  only  here 
and  there  the  dome-shaped  top  of  some  spe- 
cies which  grew  larger  than  most  others  (usu- 
ally a  sycamore,  pecan,  or  tulip  tree),  lifted 
above  the  general  level."  (Ridgway  1872) 

Ridgway's  actual  measurements  of  height 
of  trees  still  living,  and  those  he  observed  as 
recently  cut,  substantiated  his  earlier  esti- 
mates. His  careful  measurements  of  the 
heights  by  triangulation  and  lengths  of  actual 
felled  trees  allowed  him  to  determine  the  av- 
erage tree-top  level  at  130  feet  (40  m),  and 
that  "by  no  means  infrequent  monarchs  at- 
tained a  height  of  more  than  180  feet  (55  m), 
and  that  the  tallest  sycamores  and  tulip  trees 
approached  200  feet  (60  m)  in  height."  (Ridg- 
way 1872) 

Ridgway's  diameter  measurements  were 
equally  impressive.  Bald  cypress  (Taxodium 
distichum  (L.)  Rich.)  stems  that  were  recently 
cut  were  9-10  feet  (2.7-3  m)  across,  whereas 
some  harvested  earlier  exceeded  the  dimen- 
sions of  any  stumps,  or  those  still  standing 
(Ridgway  1876).  Other  trees  measured  by 
Ridgway  included  a  sycamore  (Platanus  oc- 
cidentalis  L.)  in  Gibson  County  located  nearly 
opposite  Mt.  Carmel,  Illinois,  at  15  feet  (4.6 
m)  diameter  at  10  feet  (3  m)  above  ground, 
whose   height   as    measured   by   dendrometer 


was  "probably  the  tallest  tree  east  of  Califor- 
nia," in  Ridgway's  ( 1  882)  words.  He  also  stat- 
ed that,  "In  the  same  half  mile  square,  I  mea- 
sured, on  this  same  day,  twelve  sycamores 
which  averaged  near  8  feet  (average  girth  of 
23%  feet)  in  diameter  and  127  feet  spread  of 
top."  Additionally,  four  tulip  trees  (Lirioden- 
dron  tulipifera  L.)  within  a  single  photograph 
taken  in  1888  by  Ridgway  ranged  from  5-7 
feet  (1.5-2.1  m)  dbh  each.  (The  term  dbh. 
stands  for  diameter  at  breast  height,  the  tor- 
ester's  term  for  the  standard  height  measure- 
ment for  trees,  i.e.,  at  54  inches  or  1 .37  m 
above  ground.)  A  Shumard's  red  oak  (Quer- 
cus shumardii  Buckley)  below  the  White  Riv- 
er mouth  was  6  feet  (1.8  m)  in  diameter  at  12 
feet  (3.7  m)  high  (Figure  2).  Within  100  yards 
(90  m)  of  the  above  oak  were  two  black  wal- 
nuts (Juglans  nigra  L.),  each  6  feet  ( 1 .8  m)  in 
diameter  above  the  butt  swell. 

Lindsey  et  al.  (1961)  recorded  an  81.5  inch- 
es (2.1  m)  in  diameter  standing  bald  cypress 
in  Little  Cypress  Swamp  in  Knox  County  that 
they  speculated  to  be  the  largest  living  tree  in 
Indiana  at  that  time.  Other  large  individual 
trees  (>  48  inches  or  1.2  m  dbh)  that  the\ 
recorded  along  the  Wabash  River  in  Indiana 
during  their  field  study  which  lasted  from 
1955-1959  were:  silver  maple  (Acer  sacchar- 
inum  L.)  72.2.  70.5  and  63.0  inches  (1.8.  1.8 
and  1.6  m);  hackberry  {Celtis  occidentals  L.) 
69.1  inches  (1.8  m);  cottonwood  (Populus  del- 
toides  Marshall)  67.1  inches  (1.7  m);  black 
willow  (Salix  nigra  Marshall)  67.3  and  64.3 
inches  (1.7  and  1.6  m):  northern  red  oak 
(Quercus  rubra  L.)  56.0  inches  (1.4  in):  and 
pin  and  bur  oak  (Quercus  palustris  Muenchh. 
and  (Q.  macrocarpa  Michx.)  50.0  inches  |  1.3 
m).  In  their  1961  study,  Lindsey  et  al.  did  not 
record  tulip  tree  as  present  on  floodplain  sites 
in  recent  times,  but  apparently  the  species  was 
common  there  on  well-drained  soils,  and 
reached  record  si/es  in  Ridgway's  da) 
(DenUyl  1958).  Almost  all  well-drained  sites 
have  now  been  cleared  and  are  in  agricultural 
production. 

In  the  low-ground  section  of  Hemmer 
Woods  in  Gibson  County,  tulip  tree  still  oc- 
curs in  record  sizes.  In  an  1  1.3  acre  (4.0  ha) 
full  census.  Jackson  (1969a,  b)  recorded  three 
tulip  trees  that  exceeded  50  inches  (1.3  m) 
dbh.  10  over  40  inches  (  1 .0  in),  and  20  greater 
than  30  inches  (0.8  in).  Twelve  species  in  the 
stand  had  a  total  of  61  stems  "^  30  inches  dbh. 
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Figure  2. — Shumard's  Red  Oak  (Quercus  shumardii  Buckley)  in  the  original  forest  of  the  Wabash 
Bottoms.  Tree  is  6  feel  (1.8  m)  dbh,  12  feet  (3.6  m)  at  base.  (Robert  Ridgway  photo,  date  unknown) 


or  5.4/acre.  The  largest  tulip  tree  at  54.6  inch- 
es or  1.4  m  dbh  in  1969,  may  be  the  largest 
forest-grown  tulip  tree  in  the  State  of  Indiana. 
At  151  feet  (46  m)  tall  and  53  feet  (16  m) 
clear  lenszth.  it  rivals  the  heisht  of  those  forest 


giants  of  Ridgway's  day.  Overall,  Hemmer 
Woods  is  remarkable  in  having  32  species 
above  10  cm  in  diameter,  with  an  interesting 
mix  of  both  hydric  and  mesic  species  repre- 
sented. Tulip  tree  and  sweet  gum  (Liquidam- 
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bar  styraciflua  L.)  dominate  the  stand  at  a 
combined  importance  value  of  25%. 

FOREST  CHANGES  FROM 
PRESETTLEMENT  TIME  TO  PRESENT 

Not  only  has  the  essentially  unbroken  pre- 
settlement  forest  been  reduced  by  clearing  to 
a  remnant  of  its  former  grandeur,  major  chang- 
es have  also  occurred  in  the  species  present, 
and  in  forest  composition  generally. 

The  Wabash  River  is  most  unusual  in  that 
its  overall  flow  patterns  remain  essentially  un- 
modified by  major  structural  changes  such  as 
construction  of  large  reservoirs,  channeliza- 
tion, dredging,  and  the  like.  As  such,  it  is  one 
of  the  largest  and  longest  essentially  free- 
flowing  rivers  of  North  America  south  of  Can- 
ada. However,  forest  clearing,  artificial  drain- 
age of  agricultural  land,  destruction  of 
wetlands,  and  extensive  paved  surfaces  within 
the  watershed,  have  greatly  increased  runoff 
rates  and  all  have  contributed  to  increased  fre- 
quency, height,  and  duration  of  floods  during 
the  past  two  centuries.  Such  changes  in  the 
flooding  regime  are  likely  the  primary  cause 
of  the  definite  shifts  in  the  species  composi- 
tion of  forests  of  the  Lower  Wabash  Valley 
since  presettlement  time. 

Two  important  ecological  studies  examined 
the  composition  of  presettlement  forests  with- 
in the  region.  Dr.  William  Crankshaw,  a  long- 
term  professor  of  ecology  at  Ball  State  Uni- 
versity, examined  the  nature  of  edaphic 
controls  of  tree  distribution  in  the  presettle- 
ment forests  south  of  the  Late  Wisconsinan 
glacial  boundary,  as  his  Ph.D.  research  at  Pur- 
due University  (Crankshaw  1964;  Crankshaw 
et  al.  1965).  His  study  included  data  on  more 
than  60,000  trees  that  the  General  Land  Office 
(GLO)  surveyors  selected  as  bearing  or  wit- 
ness trees  to  mark  section  corners  during  the 
original  survey  of  land  now  comprising  south- 
ern Indiana. 

Crankshaw  constructed  stand  tables  of  tree 
species  present  on  all  major  soil  types  repre- 
sented on  floodplain,  terrace,  and  upland  land- 
forms  within  the  region.  He  found  American 
beech  {Fagus  grandifolia  Ehrh.)  to  be  present 
on  six  widespread  floodplain  soil  series  (Eel, 
Gesesee,  Morganfield,  Pope,  Ross,  and 
Shoals),  ranging  from  7-33%  of  stand  impor- 
tance on  different  soils;  sugar  maple  to  be 
present  on  four  soil  series  (Eel.  Genesee. 
Pope,  and  Ross),  at  7-20%  importance;  and 


tulip  tree  on  three  (Eel,  Morganfield.  and 
Pope),  at  5-7%  importance.  White  oak  (Quer- 
cus  alba  L.)  was  also  present  at  13%  on  the 
Eel  soil  series.  Combined,  beech,  sugar  maple. 
and  tulip  tree  represented  46%  of  the  stand 
importance  on  Eel  silt  loam  soils:  while  beech 
and  sugar  maple  totaled  48%  on  Genesee 
loam  soils.  None  of  these  mesic  to  dry-mesic 
tree  species  is  found  on  floodplain  soils  within 
the  Wabash  River  valley  today  (Lindsey  et  al. 
1961).  Changes  in  the  flooding  regime  during 
the  past  200  years  are  believed  to  be  the  pri- 
mary cause  of  their  exclusion  from  these  sites 
today. 

Ellen  Donselman's  (1975)  Master's  thesis  at 
Indiana  State  University  contained  a  compar- 
ison of  forest  composition  of  Vigo  County,  as 
based  on  the  1814  GLO  land  survey,  with  data 
obtained  from  sampling  14  of  the  best  re- 
maining contemporary  stands  within  the  coun- 
ty during  the  1974  field  season.  Her  analysis 
centered  on  comparing  the  two  samplings  sep- 
arated by  160  years,  by  dividing  the  county 
physiographically  into  floodplain.  terrace,  up- 
land slope,  and  upland  flat  units.  Each  unit  for 
each  time  period  was  considered  as  a  separate 
forest  stand. 

The  floodplain  comparison  for  the  two  time 
periods  is  especially  revealing.  In  IS  14.  oi  a 
345-tree  sample,  beech,  sugar  maple,  and  tulip 
tree  collectively  comprised  14%  of  stand  im- 
portance, with  white  oak  and  black  oak  com- 
bined representing  another  20%.  Silver  maple 
was  present  in  1814  at  only  4%;  cottonwood 
was  not  listed  by  the  GLO  surveyors.  In  the 
1974  sampling  of  remaining  floodplain  stands. 
beech,  sugar  maple,  tulip  tree,  and  the  t\\  o  oak 
species  were  absent,  whereas  silver  maple  and 
cottonwood  combined  totaled  6095  of  stand 
importance.  Again,  differences  in  forest  com- 
position during  the  intervening  160  years  are 
believed  to  have  resulted  primarily  from 
changes  in  the  flooding  regime. 

That  tulip  trees  still  occur  in  all  size  classes 
in  the  bottomland  stand  at  Hemmer  Woods 
(Jackson  1969b)  represents  a  somewhat  dif- 
ferent situation.  First,  the  creek  that  runs 
through  Hemmer  Woods  is  small,  strongl) 
meandering,  and  carries  a  relatively  small  wa- 
ter volume  following  most  rams.  \n\  oxer- 
flow  that  occurs  is  likel)  shallow  and  of  short 
duration.  Further,  a  drainage  ditch  cut  across 
adjacent  farmland  in  years  past  has  lowered 
the  water  table  several  feet  below  the  general 
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land  surface.  Also,  the  larger  tulip  trees  likely 
began  growth  in  the  presettlement  forest  (or 
during  the  early  years  of  Indiana's  history), 
and  continue  to  survive.  Additionally,  the 
presence  of  tulip  trees  in  all  size  classes  from 
4  inches  (10  cm)  upward  to  >  50+  inches  (1.3 
m)  dbh  (Jackson  1969b),  suggests  that  tulip 
tree  regeneration  has  been  occurring  without 
interruption  in  Hemmer  Woods  since  preset- 
tlement time. 

Changes  in  the  terrace  communities  of  Vigo 
County  were  almost  equally  revealing.  The 
major  terrace  system  in  Vigo  County  (where 
much  of  the  City  of  Terre  Haute  is  located)  is 
mainly  underlain  by  sands  and  gravels  that 
were  deposited  during  the  Pleistocene  by  the 
Maumee  Torrent,  a  deluge  that  drained  much 
of  glacial  Lake  Maumee  when  a  moraine  near 
Fort  Wayne  was  breached  by  flood  waters. 
Since  these  terrace  soils  are  relatively  dry, 
they  supported  prairie  vegetation,  for  the  most 
part.  However,  in  the  forest  stands  that  did  oc- 
cur on  the  terrace  in  1814,  beech  and  sugar 
maple  represented  13%  of  a  227-tree  sampling 
by  the  surveyors,  and  tulip  tree  was  not  re- 
corded. Oak  and  hickory  species  combined  to- 
taled 58%  of  stand  importance.  Donselman's 
1974  sample  revealed  that  beech  and  sugar 
maple  each  represented  <  1%  of  the  stands, 
tulip  tree  8%,  whereas  oak  and  hickory  com- 
bined were  similar  in  importance  to  1814  at 
52%  (Donselman  1975). 

PRESENT  FOREST  COMMUNITIES 
TYPICAL  OF  SOUTHWESTERN 
INDIANA  NATURAL  REGIONS 

Forested  areas  found  today  in  the  two  nat- 
ural regions  of  southwestern  Indiana  are  large- 
ly present  on  flood-prone  lands,  river  margins, 
sites  with  high  water  tables  at  or  near  the  sur- 
face (at  least  seasonally),  or  on  other  tracts 
unsuited  for  agriculture  or  development.  Al- 
though both  glaciated  and  unglaciated  land- 
scapes are  represented  in  far  southwestern  In- 
diana, glaciation  there  occurred  long  ago,  and 
apparently  has  little  effect  on  present  forest 
composition  (Lindsey  et  al.  1961).  Instead,  the 
impact  of  southerly  weather  systems  originat- 
ing over  the  Gulf  of  Mexico,  and  their  atten- 
dant extension  up  the  Mississippi,  Ohio,  and 
Wabash  river  valleys,  is  far  more  influential 
in  extending  the  northward  range  of  a  number 
of  tree  species  with  southern  affinities  (Lind- 


Figure  3. — The  Southern  Bottomlands  Natural 
Region  of  Indiana.  (Graphic  from  The  Natural  Her- 
itage of  Indiana  1997) 


sey  et  al.  1961;  Abrell  1997),  some  of  which 
are  described  below. 

The  nature  of  forest  stands  is  strongly  in- 
fluenced also,  by  subtle  changes  in  elevation, 
hence  by  the  frequency,  height,  and  duration 
of  flooding,  and  by  notable  differences  in 
moisture  conditions  of  the  soils  (Lindsey  et  al. 
1961).  The  deeper  sloughs  and  swamps  of  the 
Southern  Bottomlands  Natural  Region  (Fig.  3) 
of  far  southwestern  Indiana  that  hold  standing 
water  throughout  the  year,  or  nearly  so,  range 
from  essentially  pure  stands  of  bald  cypress, 
to  stands  mixed  with  silver  maple,  river  birch 
(Betula  nigra  L.),  pecan  (Carya  illinoensis 
(Wangenh.)  K.  Koch),  swamp  cottonwood 
{Populus  heterophylla  L.),  sugarberry  (Celtis 
laevigata  Willd.),  and  locally,  water  locust 
{Gleditsia  aquatica  Marshall),  or  pumpkin  ash 
(Fraxinus  profunda  (Bush)  Bush).  Joining  this 
forest  mosaic  at  sites  with  prolonged,  but  not 
continuous,  standing  water,  are  communities 
of  such  characteristic  species  as  silver  maple, 
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cottonwood,  sycamore,  green  ash  (Fraxinus 
pennsylvanica  Marshall),  overcup  oak  (Quer- 
cus lyrata  Walter),  pecan,  shellbark  hickory 
(Carya  laciniosa  (Michx.  f.)  Loudon),  sugar- 
berry,  and  black  willow.  Slightly  better- 
drained  sites  may  be  dominated  by  swamp 
white  (Quercus  bicolor  Willd.),  swamp  chest- 
nut (Q.  michauxii  Nutt.),  Shumard's  red,  and 
bur  oaks,  along  with  shellbark  hickory,  hack- 
berry,  American  elm  (Ulmus  americana  L.), 
or,  locally,  green  hawthorn  (Crataegus  viridis 
L.),  or  Kentucky  coffee  tree  (Gymnocladus 
dioica  (L.)  K.  Koch).  Flatwoods,  at  slightly 
higher  elevations,  but  still  poorly  drained — 
often  internally — may  have  prolonged  periods 
of  standing  water,  and  contain  post  (Quercus 
stellata  Wangenh.),  cherry  bark  (Q.  pagoda 
Raf.),  and  pin  oaks,  plus  sometimes  sweet 
gum  (Liquidambar  styraciflua  L.),  green  ash, 
and  American  elm  (Abrell  1997). 

A  distinctive  non-arborescent  plant  species 
strongly  characteristic  of  this  natural  region  is 
giant  cane  (Arundinaria  gigantea  (Walter) 
Chapman),  a  bamboo  that  grows  on  very  fer- 
tile soils.  These  "cane  breaks,"  which  were 
once  very  extensive,  are  now  almost  entirely 
converted  to  agriculture.  Also  present  are  such 
shrubs  as  swamp  privet  (Forestiera  acuminata 
(Michx.)  Poiret),  catbird  grape  (Vitis  palmata 
M.  Vahl.),  and  woolly  pipe  vine  (Aristolochia 
tomentosa  Sims);  and  such  showy  herbs  as 
spider  lily  (Hymenocallis  caroliniana  (L.) 
Herbert)  and  featherfoil  (Hottonia  inflata  El- 
liott). Characteristic  vertebrates  include  the 
swamp  rabbit  (Sylvilagus  aquaticus  (Bach- 
man),  (very  rare  in  Indiana),  plus  such  reptil- 
ian species  that  are  rare  in  Indiana  as  the  east- 
ern mud  turtle  (Kinosternon  subrubrum 
subrubrum  (Lacepede)),  and  the  cottonmouth 
moccasin  (Agkistrodon  piscivorus  leucostoma 
(Troost))  (Abrell  1997). 

The  Southwestern  Lowlands  Natural  Re- 
gion parallels  the  Wabash  River  from  the  Ohio 
River  north  to  the  Wisconsinan  glacial  bound- 
ary in  Vigo  and  Clay  counties  (Fig.  4).  Stand- 
ing at  higher  elevations,  and  generally  much 
better  drained  than  the  preceding  natural  re- 
gion, the  plant  communities  are  quite  differ- 
ent. The  southern  section,  which  was  shaped 
and  leveled  early  on  by  Illinoian  glaciation,  is 
characterized  by  black  ash  (Fraxinus  nigra 
Marshall)  swamps  in  the  lowest-lying  areas. 
alternating  with  poorly-drained  flatwoods 
which  contain  pin  and  shingle  (Quercus  im- 


Figure  4. — The  Southwestern  Lowlands  Natural 
Region  of  Indiana.  (Graphic  from  The  Natural  Her- 
itage of  Indiana  1997). 


bricaria  Michx.)  oak,  and  shagbark  hickory 
(Carya  ovata  (Miller)  K.  Koch),  red  {Acer 
rubrwn  L.)  and  silver  maple,  hackberry,  and 
green  ash  (Hedge  1997). 

The  southernmost  section  beyond  the  reach 
of  glaciation  has  a  mix  of  forested  and  non- 
forested  communities,  ranging  from  marsh  to 
seep  spring  to  sandstone  cliffs,  as  topograph) 
changes  markedly  throughout  the  section.  The 
flatwoods  here  are  different  in  that  a  mix  of 
prairie  grasses  and  forbs  intermingles  with 
southern  bottomland  trees  such  as  cherrybark, 
Shumard's  red.  swamp  white,  and  pin  oaks, 
along  with  shellbark  hickory,  sweet  and  black 
(Nyssa  sylvatica  Marshall)  gum,  and  green  ash 
(Hedge  1997). 

Largely  from  Vincennes  northw  aid  to  Terre 
Haute  is  a  narrow  band  o\  scattered  sand  ridg- 
es and  dunes  formed  b\  aeolian  sands  that 
were  blown  eastward  b\  wcsterl)  winds  from 
the  poorly-vegetated  Wabash  River  floodplain 
at  the  close  of  the  Pleistocene  (Petty  £  Jack- 
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son  1966).  This  section  had  primarily  prairie 
and  barrens  vegetation  along  with  a  scatter  of 
black  (Quercus  velutina  Lam.)  and  blackjack 
(Q.  marilandica  Muenchh.)  oaks.  A  small 
remnant  of  sand  prairie  is  protected  at  Little 
Bluestem  Prairie  Nature  Preserve  in  Vigo 
County  north  of  Terre  Haute  (Strait  &  Jackson 
1986).  On  sites  less  steep,  and  with  improved 
soil  moisture,  oak-hickory  forest,  dominated 
by  white,  red  (Q.  rubra  L.),  and  black  oak, 
along  with  shagbark  and  pignut  (Carya  glabra 
(Miller)  Sweet)  hickory,  was  more  prevalent 
(Hedge  1997). 

NATURAL  AREAS  OF  THE  LOWER 

WABASH  VALLEY  THAT  CONTAIN 

REMNANTS  OF  ORIGINAL 

VEGETATION 

Relatively  few  high  quality  remnants  of 
original  vegetation  have  escaped  the  pervasive 
clearing  and  development  that  has  systemati- 
cally altered  the  majority  of  the  Indiana  land- 
scape during  the  past  two  centuries.  The  high- 
ly fertile  soils  of  the  Wabash  Valley,  and  the 
transportation  advantages  of  the  river  itself, 
have  resulted  in  greater  changes  in  this  region, 
than  those  that  occurred  in  some  other  parts 
of  the  State. 

Seven  natural  areas  in  Indiana,  plus  one  in 
Illinois  are  listed  below.  (Information  excerpt- 
ed largely  from  INDR  Nature  Preserves  Di- 
rectory 1995). 

1 .  Ashumbala  Nature  Preserve  (Vanderburgh 
and  Warrick  counties):  63  acres  (25.5  ha). 
Contains  one  of  the  longest  and  least-mod- 
ified stretches  of  Ohio  River  Floodplain 
Forest  in  Indiana.  The  trees  are  mostly  sil- 
ver maple,  cottonwood,  and  black  willow, 
plus  green  hawthorn  and  swamp  cotton- 
wood  also  present. 

2.  Flesher  Woods  Nature  Preserve  (Vigo 
County):  36  acres  (14.6  ha).  High  quality 
floodplain  forest  of  predominately  silver 
maple,  green  ash,  shellbark  hickory,  pecan, 
and  bur  oak.  Probably  the  least-disturbed 
floodplain  forest  in  Vigo  County. 

3.  Goose  Pond  Cypress  Slough  Nature  Pre- 
serve (Posey  County):  60  acres  (24.3  ha). 
A  portion  of  a  three-mile  (4.8  km)  long 
cypress  slough  that  contains  mostly  a  bald 
cypress-green  ash-silver  maple  forest  com- 
munity. 

4.  Hemmer  Woods  Nature  Preserve  (Gibson 


County):  73  acres  (29.6  ha).  A  Registered 
National  Natural  Landmark.  Contains  both 
upland  oak-hickory  forest,  plus  a  very  high 
quality  bottomland  stand  dominated  by  tu- 
lip tree,  sweet  gum,  sycamore,  red  maple, 
and  elm  (Jackson  1969a,  b). 

5.  Little  Bluestem  Prairie  Nature  Preserve 
(Vigo  County):  8+  acres  (3.3  ha).  Likely 
the  only  sand  prairie  remaining  in  Indiana. 
Dominated  by  little  bluestem  grass  (Schi- 
zachyrium  scopahum  (Michx.)  Nash)),  and 
other  herbs,  along  with  a  scatter  of  black 
oak  (Strait  &  Jackson). 

6.  Twin  Swamps  Nature  Preserve  (Posey 
County):  At  598  acres  (242  ha),  it  is  one 
of  Indiana's  largest  nature  preserves,  and 
contains  a  swamp  cottonwood-bald  cy- 
press-overcup  oak  community.  The  pre- 
serve has  a  boardwalk  for  visitor  enjoy- 
ment of  the  high-quality  swamp  forest,  the 
herb  featherfoil,  plus  such  sought-after 
birds  as  prothonotary  warblers. 

7.  Wesselman  Woods  Nature  Preserve  (Van- 
derburgh County):  197  acres  (79.8  ha).  A 
Registered  National  Natural  Landmark. 
This  nearly-flat  forest  of  exceptional  qual- 
ity is  dominated  by  sweet  gum  and  tulip 
tree,  along  with  Shumard's  red  and  pin  oak, 
green  ash,  and  red  maple  (Lindsey  et  al. 
1969).  The  preserve  has  a  fine  nature  cen- 
ter. 

8.  Beall  Woods  State  Park  (Wabash  County, 
Illinois):  280  acres  (1 13.4  ha).  This  excel- 
lent remnant  of  original  forest  has  both  up- 
land and  bottomland  segregates.  The  low- 
land stand,  which  occurs  on  both  sides  of 
Sugar  Creek  where  it  joins  the  Wabash 
River,  has  31  tree  species  present,  led  by 
Shumard's  red  and  bur  oak,  sweet  gum, 
American  elm,  shellbark  hickory,  and  sil- 
ver maple.  Lindsey  (1962)  listed  this  stand 
as  having  the  highest  basal  area  of  any 
mid  western  forest  then  known. 


SOUTHWESTERN  TREE  SPECIES  OF 

SPECIAL  INTEREST 

(abridged  from  Jackson  2004) 

Bald  cypress  {Taxodium  distichum  (L.)  Rich): 
Characteristic  of  deep  swamps,  sloughs,  ox- 
bows, and  slough-like  creeks,  usually  with 
standing  water  much  of  the  year.  Occurred 
naturally  in  only  five  counties  of  far  south- 
western Indiana.  Now  widely  planted. 
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Sweet  gum  (Liquidambar  styraciflua  L.): 
Widespread  in  wet  bottomland  forests  and 
flatwoods  throughout  the  Lower  Wabash 
River  basin  from  Parke  and  Vigo  counties 
southward  to  the  Ohio  River.  Widely  plant- 
ed as  an  ornamental. 

Sugarberry  {Celtis  laevigata  Willd.):  Often 
found  in  swampy  woods  of  low-lying  sites, 
streamsides,  and  flooded  bottomlands  from 
Sullivan  Couny  south  to  the  Ohio  River. 
Occasional  on  moist  slopes  or  uplands. 

Pecan  (Carya  illinoensis  (Wangenh.)  K. 
Koch):  Occurs  on  fertile,  moist  soils  of  bot- 
tomlands along  the  Wabash,  White,  and 
Ohio  rivers,  and  their  tributary  streams, 
from  Fountain  and  Vermillion  counties 
southward  in  Indiana  and  adjacent  Illinois. 

Swamp  cottonwood  (Populus  heterophylla 
L.):  Found  in  deep  swamps,  low  wet 
woods,  and  on  waterlogged  soils  in  south- 
western Indiana  from  Vigo  and  Clay  coun- 
ties southward  to  the  Ohio  River.  Also 
widely  scattered  in  northern  Indiana. 

Overcup  Oak  (Que reus  lyrata  Walter):  Occurs 
on  very  wet  sites  on  floodplains,  and  in  for- 
ested swamps,  and  sloughs  of  southwestern 
Indiana  from  Sullivan  County  southward. 
Very  tolerant  of  extended  flooding. 

Swamp  chestnut  oak  (Q.  michauxii  Nutt.): 
Found  in  low  wet  woods,  and  some  stream- 
bottom  forests  of  far  southwestern  Indiana, 
from  Knox  and  Daviess  counties  south  to 
the  Ohio  River.  Formerly  called  cow  oak  by 
the  pioneers. 

Cherrybark  oak:  (Q.  pagoda  Raf.):  Mainly  in 
bottomland  forests  or  swamps,  and  on  flats 
along  streams  (occasionally  on  dry  sites)  of 
a  seven-county  area  of  far  southwestern  In- 
diana. Sold  as  red  oak  for  timber. 

Post  oak  (Q.  stellata  Wangenh.):  Usually 
found  on  poor  soils — from  wet,  spring- 
ponded  flatwoods  to  dry  woods  on  steep 
slopes.  Species  is  ecologically  bi-modal, 
with  wet  and  dry  mesic  segregates  repre- 
sented. Occurs  from  Greene  County  south. 

Southern  red  oak  (Q.  falcata  Michx.):  Typi- 
cally on  dry,  poor  upland  ridges,  but  some- 
times also  in  flatwoods  and  bottomland  for- 
ests from  Knox  and  Daviess  counties 
southward,  in  our  area  of  interest.  Sold  as 
red  oak  as  timber. 

Water  locust  {Gleditsia  aquatica  Marshall): 
Known  only  from  Knox,  Gibson,  and  Posey 
counties  in  Indiana,  and  in  adjacent  Illinois. 


Occurs  only  in  low  swampy  woods  with 
roots  frequently  submerged  for  several 
months  each  year. 

Green  hawthorn  (Crataegus  viridis  Lj:  Usu- 
ally occurs  in  low  wet  woods,  or  along 
stream  banks.  Known  from  only  five  coun- 
ties in  far  southwestern  Indiana. 

Winged  elm  (Ulmus  alata  Michx. ):  Occurs 
typically  on  dry  ridges,  bluffs,  and  in  old 
fields,  but  occasionally  in  low  woods.  Con- 
fined to  a  several  county  area  from  Knox 
and  Daviess  counties  southward  in  our  re- 
gion of  Indiana. 

Persimmon  (Diospyros  virginiana  L.).  Gen- 
erally widespread  in  the  southern  half  of  In- 
diana from  Vermillion  and  Parke  counties 
south  continuously  to  the  Ohio  River.  Usu- 
ally in  clearings,  old  fields,  and  fence  rows: 
occasionally  in  more  mature  forests.  Very 
widely  planted. 

Pale  hickory  (Carya  pallida  (Ashe)  Engler  & 
Graebner):  Rarely  encountered  and  endan- 
gered in  Indiana  and  apparently  confined 
(usually)  to  fine  sandy  soils  of  Knox.  Dav- 
iess, and  Posey  counties. 
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CURRENT  STATUS  OF  FRESHWATER  MUSSELS 

(ORDER  UNIONOIDA)  IN  THE 

WABASH  RIVER  DRAINAGE  OF  INDIANA 

Brant  E.  Fisher:      Indiana  Department  of  Natural  Resources,  Atterbury  Fish  & 
Wildlife  Area,  7970  South  Rowe  Street,  P.O.  Box  3000,  Edinburgh,  Indiana  46124 
USA 

ABSTRACT.  Seventy-five  species  of  freshwater  mussels  (Order  Unionoida)  have  historically  inhabited 
the  Wabash  River  drainage  of  Indiana.  Nine  of  these  species  have  always  been  restricted  to  Wabash  River 
tributaries  and  never  maintained  reproducing  populations  in  the  mainstem  Wabash  River.  Of  the  66  re- 
maining species,  18  are  currently  considered  extirpated  from  the  entire  drainage  and  18  maintain  repro- 
ducing populations  only  in  Wabash  River  tributaries.  Currently,  30  species  maintain  reproducing  popula- 
tions in  the  mainstem  Wabash  River,  which  represents  a  55%  reduction  in  its  freshwater  mussel  fauna.  To 
date,  the  entire  Wabash  River  drainage  of  Indiana  has  seen  a  24%  reduction  in  its  freshwater  mussel  fauna. 

Keywords:     Freshwater  mussels,  Wabash  River 


The  freshwater  mussel  (Order  Unionoida) 
fauna  of  the  Wabash  River  drainage  has  been 
well  documented  historically.  Stein  (1881)  at- 
tempted the  first  complete  list  of  the  'mollus- 
cous fauna  of  Indiana,'  and  referenced  many 
species  as  inhabiting  the  Wabash  River  and  its 
tributaries.  Call  (1894,  1896,  1897,  1900), 
Blatchley  &  Daniels  (1903),  Daniels  (1903, 
1915),  and  Goodrich  &  van  der  Schalie  (1944) 
continued  to  add  to  the  knowledge  of  Indi- 
ana's mollusca  fauna  and  provided  invaluable 
information  on  those  species  found  in  the  Wa- 
bash River  drainage. 

Three  important  Wabash  River  studies  were 
completed  during  the  1960s  and  1970s.  Meyer 
(1968)  and  Krumholz  et  al.  (1970)  studied  the 
commercially  valuable  species  of  the  Wabash 
and  White  rivers.  Clark  (1976)  inventoried 
mussels  from  the  lower  Wabash  River. 

Between  1987  and  1991,  Cummings  et  al. 
(1992)  sampled  100  sites  in  the  Wabash  River 
drainage,  including  53  sites  on  the  mainstem 
Wabash  River.  Several  of  the  lower  Wabash 
River  sites  sampled  by  Cummings  et  al. 
(1992)  were  re-sampled  in  1996  by  Frankland 
(1996).  Ball  &  Schoenung  (1996)  and 
EnviroScience  (2006)  intensively  sampled 
freshwater  mussels  at  several  locations  in  the 
upper  mainstem  Wabash  River.  Page  et  al. 
(1992)  and  Cummings  &  Mayer  (1997)  pro- 
vide information  on  the  status  of  freshwater 


mussels  in  the  Wabash  River  drainage  of  Il- 
linois. 

Many  of  the  larger  tributaries  of  the  Wa- 
bash River  have  also  had  recent  survey  work 
completed  (from  upstream  to  downstream): 
Salamonie  River  (Ecological  Specialists.  Inc. 
1995),  Mississinewa  River  (Ecological  Spe- 
cialists, Inc.  1995),  Eel  River  (upper  Wabash 
River)  (Henschen  1987).  Tippecanoe  River 
(Cummings  &  Berlocher  1990:  Cummings  et 
al.  1992;  Ecological  Specialists.  Inc.  1993, 
1998;  Ball  &  Schoenung  1996:  Common- 
wealth Biomonitoring  2005:  EnviroScience 
2006),  Middle  Fork  Wildcat  (Henschen  1990). 
small  streams  of  Tippecanoe  Count)  (Mvers- 
Kinzie  et  al.  2001).  Jordan  Creek  (Szafoni  et 
al.  2000),  Sugar  Creek  (middle  Wabash  River 
tributary)  (Lewis  1991).  Brouilletts  Creek 
(Tiemann  2005).  East  Fork  White  River  drain- 
age (Cummings  et  al.  1992:  Ball  &  Schoen- 
ung 1996;  Harmon  1998:  Clarke  et  al.  L999; 
EnviroScience  2006).  West  Fork  White  River 
drainage  (Cummings  et  al.  1992;  Henschen 
1993.  1995;  L.  Bow  ley.  Muncie  Bureau  of 
Water  Quality  pers.  comm.).  and  Patoka  River 
(Ecological  Specialists.  Inc.  2001).  Figure  1 
illustrates  the  recent  collections  cited  here. 
which  include  samples  from   lL)S~"-2004. 

In  addition  to  this  information,  the  Wildlife 
Diversity  Section.  Division  of  Fish  and  Wild- 
life. Indiana  Department  of  Natural  Resourc- 
es,   collected    freshwater    mussel    information 
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Figure  1 . — Freshwater  mussel  sample  locations 
reported  from  cited  literature  for  the  Wabash  River 
drainage,  Indiana  (1987-2004). 


from  nearly  900  sites  within  the  Wabash  River 
drainage  between  1995-2006  (Fig.  2).  This  in- 
formation, along  with  the  previously  cited  sur- 
veys, was  used  to  determine  the  current  status 
of  freshwater  mussel  species  within  the  Wa- 
bash River  drainage  of  Indiana. 

METHODS 

Several  different  collecting  methods  were 
used  in  the  previously  cited  surveys;  the  in- 
dividual reports  should  be  reviewed  to  deter- 
mine the  specific  methods  used  by  those  re- 
searchers. 

An  informal  sampling  design  (Strayer  & 
Smith  2003)  was  utilized  for  most  of  our  sur- 
veys within  the  Wabash  River  drainage.  Sam- 
pling locations  were  chosen  to  provide  infor- 
mation from  watersheds  where  few  or  no 
previous  freshwater  mussel  surveys  had  been 
completed.  Locations  were  waded  and  visu- 
ally (if  possible)  and  physically  searched  for 
live  freshwater  mussels  and  dead  shell  mate- 
rial. At  locations  where  visibility  was  limited. 


Figure  2. — Freshwater  mussel  sample  locations 
reported  from  cited  literature  and  collected  by  the 
Wildlife  Diversity  Section,  Indiana  Department  of 
Natural  Resources,  for  the  Wabash  River  drainage, 
Indiana  (1987-2006). 


the  stream  bottom  was  searched  with  hands  or 
shoed-feet. 

Live  freshwater  mussels  were  identified  on- 
site  and  returned;  representative  dead  shell 
material  was  retained  from  most  locations. 
Species  lists  indicating  the  best  condition  of 
shell  material  (live,  fresh  dead,  weathered 
dead,  or  subfossil)  encountered  were  prepared 
for  all  sampled  locations.  All  shell  material 
retained  from  our  sampling  efforts  is  currently 
vouchered  at  the  Atterbury  Fish  and  Wildlife 
Area,  Edinburgh,  Indiana. 

Besides  the  specific  freshwater  mussel  sam- 
pling described,  additional  information  was 
obtained  incidentally  while  completing  survey 
work  for  fishes.  Notes  were  made  on  live 
freshwater  mussels  and  shell  material  encoun- 
tered, although  no  formal  surveys  were  com- 
pleted. 
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Table  1 . — Current  status  of  freshwater  mussels 
(Order  Unionoida)  in  the  Wabash  River  drainage  of 
Indiana.  Scientific  and  common  names  follow  Tur- 
geon  et  al.  (1998).  L  =  reproducing  populations  of 
species  still  found  in  mainstem  Wabash  River  and 
its  tributaries;  XT  =  reproducing  populations  of 
species  historically  found  in  mainstem  Wabash  Riv- 
er but  now  restricted  to  its  tributaries;  T  =  repro- 
ducing populations  of  species  always  restricted  to 
Wabash  River  tributaries;  X  =  species  extirpated 
from  entire  Wabash  River  drainage. 


Table  1. — Continued. 


Species 


Statu1 


Species 


Status 


Family  Margaritiferidae 

Cumberlandia  monodonta  (spectaclecase)  X 
Family  Unionidae 

Actinonaias  ligamentina  (mucket)  L 

Alasmidonta  marginata  (elktoe)  L 

Alasmidonta  viridis  (slippershell  mussel)  T 

Amblema  plicata  (threeridge)  L 

Anodonta  suborbiculata  (flat  floater)  T 
Andontoides  ferussacianus  (cylindrical 

papershell)  T 
Arcidens  confragosus  (rock  pocketbook)  XT 
Cyclonaias  tuberculata  (purple  warty- 
back)  L 
Cyprogenia  stegaria  (fanshell)  XT 
Ellipsaria  lineolata  (butterfly)  XT 
Elliptic*  crassidens  (elephantear)  XT 
Elliptic)  dilatata  (spike)  XT 
Epioblasma  flexuosa  (leafshell)  X 
Epioblasma  obliquata  perobliqua  (white 

catspaw)  X 

Epioblasma  personata  (round  combshell)  X 
Epioblasma  propinqua  (Tennessee  rif- 

fleshell)  X 
Epioblasma  sampsonii  (Wabash  riffle- 
shell)  X 
Epioblasma  torulosa  rangiana  (northern 

riffleshell)  X 
Epioblasma  torulosa  torulosa  (tubercled 

blossom)  X 

Epioblasma  triquetra  (snuffbox)  XT 

Fusconaia  ebena  (ebonyshell)  XT 

Fusconaia  flava  (Wabash  pigtoe)  L 

Fusconaia  subrotunda  (longsolid)  X 

Hemistena  lata  (cracking  pearlymussel)  X 

Lamps  His  abrupta  (pink  mucket)  X 

Lampsilis  cardium  (plain  pocketbook)  L 
Lampsilis  fasciola  (wavyrayed  lampmus- 

sel)  L 

Lampsilis  ovata  (pocketbook)  L 

Lampsilis  siliquoidea  (fatmucket)  L 

Lampsilis  teres  (yellow  sandshell)  L 
Lasmigona  complanata  (white  heelsplit- 

ter)  L 

Lasmigona  compressa  (creek  heelsplitter)  T 


Lasmigona  costata  (flutedshellj  I. 
Leptodea  fragilis  (fragile  papershell)  L 
Leptodea  leptodon  (scaleshell)  X 
Ligumia  recta  (black  sandshell)  L 
Ligumia  subrostrata  (pondmussel)  T 
Megalonaias  nervosa  (washboard)  XT 
Obliquaria  reflexa  (threehorn  warty  back)  L 
Obovaria  olivaria  (hickorynut)  L 
Obovaria  retusa  (ring  pink)  X 
Obovaria  subrotunda  (round  hickorynut)  XT 
Plethobasus  cicatricosus  (white  warty- 
back)  X 
Plethobasus  cooperianus  (orangefoot 

pimpleback)  X 
Plethobasus  cyphyus  (sheepnose)  XT 
Pleurobema  clava  (clubshell)  XT 
Pleurobema  cordatum  (Ohio  pigtoe)  XT 
Pleurobema  plenum  (rough  pigtoe)  X 
Pleurobema  rubrum  (pyramid  pigtoe)  X 
Pleurobema  sintoxia  (round  pigtoe)  L 
Potamilus  alatus  (pink  heelsplitter)  L 
Potamilus  capax  (fat  pocketbook)  L 
Potamilus  ohiensis  (pink  papershell)  L 
Ptychobranchus  fasciolaris  (kidneyshell)  XT 
Pyganodon  grandis  (giant  floater)  L 
Quadrula  cylindrica  cylindrica  (rabbits- 
foot)  XT 
Quadrula  fragosa  (winged  mapleleaf)  X 
Quadrula  metanevra  (monkeyface)  L 
Quadrula  nodulata  (wartyback)  L 
Quadrula  pustulosa  pustulosa  (pimple- 
back) L 
Quadrula  quadrula  (mapleleaf)  I. 
Simpsonaias  ambigua  (salamander  mus- 
sel) XT 
Strophitus  undulatus  (creeper)  L 
Toxolasma  lividus  (purple  lilliput)  XT 
Toxolasma  parvus  (lilliput)  T 
Toxolasma  texasiensis  (Texas  lilliput)  T 
Tritogonia  verrucosa  (pistolgrip)  L 
Truncilla  donaciformis  (fawnsfoot)  L 
Truncilla  truncata  (deertoe)  1 
Uniomcrus  tetralasmus  (pondhorn)  T 
Utterbackia  imbecillis  (paper  pondshell)  1 
Villosa fabalis  (rayed  bean)  XT 
Villosa  iris  (rainbow)  XT 
Villosa  lienosa  (little  spectaclecase)  T 


RESULTS  AND  DISCUSSION 

For  the  purpose  o(  this  paper,  freshwater 
mussel  species  are  considered  extirpated  if 
they  no  longer  maintain  a  reproducing  popu- 
lation. It  is  possible  remnant  live  individuals 
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Table  2. — Summary  of  status  for  freshwater  mus- 
sels in  the  Wabash  River  drainage  of  Indiana. 


Status 


Number 
of 

speeies 


Reproducing  populations  still  found  in 
the  mainstem  Wabash  River  and  its 
tributaries  30 

Reproducing  populations  historically 
found  in  the  mainstem  Wabash  River 
but  now  restricted  to  its  tributaries  1 8 

Reproducing  populations  always  restrict- 
ed to  Wabash  River  tributaries  9 

Extirpated  from  the  entire  Wabash  River 

drainage  1 8 

Total  species:  75 


of  some  of  the  species  considered  extirpated 
may  still  be  found.  However,  because  their 
populations  have  reached  levels  that  no  longer 
support  reproduction,  they  are  deemed  func- 
tionally extirpated.  Viable  populations  refer 
only  to  those  aggregations  of  freshwater  mus- 
sels that  are  reproducing,  as  evidenced  by  the 
presence  of  live,  young  individuals. 

Of  the  75  species  of  freshwater  mussels  his- 
torically known  from  the  Wabash  River  drain- 
age of  Indiana,  30  still  maintain  populations 
in  both  the  mainstem  Wabash  River  and  its 
tributaries,  18  are  extirpated  from  the  main- 
stem,  but  maintain  populations  in  some  por- 
tion of  the  drainage,  and  18  are  now  extirpated 
from  the  entire  drainage  (Tables  1,  2).  The 
nine  remaining  species  are  small-stream  spe- 
cies or  species  of  unique  habitats  and  probably 
never  had  populations  in  the  mainstem  Wa- 
bash River;  they  maintain  populations  in  trib- 
utaries of  the  Wabash  River  drainage  within 
Indiana. 

In  describing  the  distribution  of  some  of  the 
freshwater  mussel  species  in  the  following 
discussion,  the  'upper  Wabash  River'  is  used 
to  describe  the  area  upstream  from  where  Sug- 
ar Creek  enters  the  Wabash  River  in  Parke  and 
Vermillion  counties.  The  "lower  Wabash  Riv- 
er' refers  to  the  area  downstream  from  Sugar 
Creek  to  its  confluence  with  the  Ohio  River. 

Live  species  of  mainstem  Wabash  River 
and  its  tributaries. — Thirty  species  of  fresh- 
water mussels  still  maintain  populations  in 
both  the  mainstem  Wabash  River  and  its  trib- 
utaries (Table  1).  The  most  widely  distributed 
of  these  species  can  be  found  throughout  the 


entire  drainage,  in  a  variety  of  stream  sizes. 
These  species  include:  threeridge  {Amblema 
plicata),  Wabash  pigtoe  (Fusconaia  flava), 
plain  pocketbook  {Lampsilis  cardium),  fat- 
mucket  {Lampsilis  siliquoidea),  white  heel- 
splitter  {Lasmigona  complanata),  giant  floater 
{Pyganodon  grandis),  and  paper  pondshell 
{Utterbackia  imbecillis).  Although  common 
throughout  the  drainage,  these  species  tend  to 
be  less  common  in  the  tributaries  and  main- 
stem  of  the  extreme  lowest  section  of  the  Wa- 
bash River. 

Several  species  are  primarily  restricted  to 
the  mainstem  Wabash  River  and  the  lower 
parts  of  its  largest  tributaries.  These  species 
include:  yellow  sandshell  (Lampsilis  teres), 
fragile  papershell  (Leptodea  fragilis),  three- 
horn  wartyback  (Obliquaria  reflexa),  hicko- 
rynut  (Obovaria  olivaria),  pink  heelsplitter 
(Potamilus  alatus),  pink  papershell  (Potamilus 
ohiensis),  monkeyface  (Quadrula  metanevra), 
pimpleback  (Quadrula  pustulosa  pustulosa), 
mapleleaf  (Quadrula  quadrula),  pistolgrip 
(Tritogonia  verrucosa),  fawnsfoot  (Truncilla 
donaciformis),  and  deertoe  (Truncilla  trunca- 
ta).  These  species  are  also  the  most  common 
inhabitants  of  the  tributaries  of  the  lower  Wa- 
bash River,  where  most  of  the  other  live  spe- 
cies are  not  found. 

Some  species  are  restricted  to  the  tributaries 
and  mainstem  of  the  upper  Wabash  River  and 
the  upper  watersheds  of  its  other  larger  trib- 
utaries (East  Fork  and  West  Fork  White  riv- 
ers). These  species  include:  mucket  (Actinon- 
aias  ligamentina),  elktoe  (Alasmidonta 
marginata),  wavyrayed  lampmussel  (Lampsi- 
lis fasciola),  flutedshell  (Lasmigona  costata), 
round  pigtoe  (Pleurobema  sintoxia),  and 
creeper  (Strophitus  undulatus). 

Black  sandshell  (Ligumia  recta)  is  restrict- 
ed to  the  lower  sections  of  the  larger  tributar- 
ies and  mainstem  of  the  upper  Wabash  River. 
Purple  wartyback  (Cyclonaias  tuberculata) 
and  pocketbook  (Lampsilis  ovata)  have  simi- 
lar distributions  but  are  also  found  in  the  low- 
er mainstem  East  Fork  White  River. 

Fat  pocketbook  (Potamilus  capax)  and  war- 
tyback (Quadrula  nodulata)  have  the  most  re- 
stricted ranges  of  these  live  species.  Both  are 
concentrated  in  the  extreme  lower  section  of 
the  mainstem  Wabash  River.  They  do  ascend 
some  tributaries  of  the  lower  mainstem;  how- 
ever, their  reproductive  success  in  these  areas 
is  somewhat  questionable. 
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Live  tributary  species  extirpated  from 
mainstem  Wabash  River. — Eighteen  fresh- 
water mussel  species  that  once  maintained 
populations  throughout  the  Wabash  River 
drainage  are  now  restricted  to  populations  that 
are  viable  only  in  the  tributaries  (Table  1).  For 
many  of  these  species,  live  individuals  can  be 
found  in  the  mainstem  Wabash  River;  how- 
ever, they  no  longer  constitute  reproducing 
populations. 

Many  species  that  are  now  restricted  to  the 
tributaries  of  the  Wabash  River  have  been 
gone  from  the  mainstem  for  a  long  time. 
These  species  include:  butterfly  (Ellipsaria  li- 
neolata),  spike  {Elliptio  dilatata),  snuffbox 
{Epioblasma  triquetra),  round  hickorynut 
{Obovaria  subrotunda),  clubshell  (Pleurobe- 
ma  clava),  Ohio  pigtoe  (Pleurobema  corda- 
tum),  salamander  mussel  (Simpsonaias  ambi- 
gua),  purple  lilliput  (Toxolasma  lividus), 
rayed  bean  (Villosa  fabalis),  and  rainbow  (Vil- 
losa iris).  Many  of  these  species  are  now  rare 
in  the  tributaries,  and  most  have  incurred  a 
substantial  reduction  in  their  historic  distri- 
bution. 

Live  individuals  of  the  following  species 
can  occasionally  be  found  in  the  mainstem 
Wabash  River;  however,  all  are  functionally 
extirpated  and  restricted  to  the  tributaries: 
rock  pocketbook  {Arcidens  confragosus),  fan- 
shell  (Cyprogenia  stegaria),  elephantear  (El- 
liptio crassidens),  ebonyshell  (Fusconaia 
ebena),  washboard  (Megalonaias  nervosa), 
sheepnose  (Plethobasus  cyphyus),  kidneyshell 
{Ptychobranchus  fasciolaris),  and  rabbitsfoot 
(Quadrula  cylindrica  cylindrica). 

Of  these  species,  rock  pocketbook,  elephant- 
ear,  ebonyshell,  and  washboard  are  the  most 
likely  to  be  collected  live.  Though  these  spe- 
cies may  still  maintain  small,  isolated,  repro- 
ducing populations  somewhere  in  the  main- 
stem  Wabash  River,  their  continued  presence 
is  uncertain  at  best.  We  are  considering  them 
extirpated  until  further  collections  are  made 
that  can  repudiate  this  claim. 

Fanshell,  sheepnose,  kidneyshell,  and  rab- 
bitsfoot are  much  rarer  in  the  mainstem  Wa- 
bash River  than  the  previously  mentioned  spe- 
cies. All  have  been  found  sporadically  in  the 
mainstem  in  recent  years  (Cummings  et  al. 
1992;  Ball  &  Schoenung  1996;  EnviroScience 
2006).  Occasional  live  individuals  of  these 
species  could  be  entering  the  Wabash  River 


from  the  lower  Tippecanoe  River  where  pop- 
ulations of  these  species  remain. 

Tributary  species. — Nine  species  are 
found  live  in  tributaries  of  the  Wabash  River 
drainage  (Table  1)  and  likely  never  maintained 
populations  in  the  mainstem  Wabash  River  in 
Indiana.  These  species  include:  slippershell 
mussel  (Alasmidonta  viridis),  flat  floater  (An- 
odonta  suborbiculata),  cylindrical  papershell 
(Anodontoides  ferussacianus),  creek  heelsplit- 
ter  (Lasmigona  compressa),  pondmussel  {Lig- 
umia  subrostrata),  lilliput  (Toxolasma  par- 
vus), Texas  lilliput  (Toxolasma  texasiensis). 
pondhorn  (Uniomerus  tetralasmus).  and  little 
spectaclecase  (Villosa  lienosa).  Shell  material 
of  these  species  is  occasionally  found  in  the 
mainstem  Wabash  River,  likely  washing  in 
from  tributaries. 

Slippershell  mussel,  cylindrical  papershell. 
creek  heelsplitter,  and  lilliput  are  small-stream 
species  found  in  the  smaller  watersheds 
throughout  the  Wabash  River  drainage  (except 
the  southwest  portion).  These  species  are  like- 
ly found  live  in  the  very  upper  mainstem  Wa- 
bash River  in  Ohio. 

Flat  floater,  pondhorn  and  Texas  lilliput  are 
primarily  restricted  to  the  southwest  portion  of 
the  Wabash  River  drainage,  where  they  inhab- 
it the  ditches,  oxbows,  and  other  similar  hab- 
itats of  the  region.  Pondmussel  can  be  found 
in  this  portion  of  the  drainage  as  well  but  is 
also  an  inhabitant  of  the  natural  lakes  o\  the 
upper  Wabash  River  drainage. 

Little  spectaclecase  is  a  small-  to  medium- 
sized  stream  species.  It  has  a  rather  sporadic 
distribution  within  the  Wabash  River  drainage. 
It  inhabits  tributaries  of  the  middle  Wabash. 
East  Fork  White,  and  West  Fork  White  rivers. 

Extirpated  species. — Eighteen  freshw  ater 
mussel  species  are  now  considered  extirpated 
from  the  entire  Wabash  River  drainage  (Table 
1).  All  18  species  are  also  extirpated  from  the 
entire  state  of  Indiana.  These  species  include: 
spectaclecase  (Cumberlandia  monodontd), 
leafshell  (Epioblasma  flexitosa),  white  cats- 
paw  (Epioblasma  obliquata  perobliqua), 
round  combshell  {Epioblasma  personata), 
Tennessee  riffle-shell  (Epioblasma  propinqua\ 
Wabash  riffleshell  {Epioblasma  sampsonii), 
northern  riffleshell  {Epioblasma  torulosa  ran- 
giana).  tubercled  blossom  [Epioblasma  toru- 
losa torulosa).  longsolid  [Fusconaia  subro- 
tunda),  cracking  pearl)  mussel  {Hemistena 
lata),  pink  mucket  {Lampsilis  abrupta),  scale- 
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shell  (Leptodea  leptodori),  ring  pink  (Obov- 
aria  retusa),  white  wartyback  (Plethobasus 
cicatricosus),  orangefoot  pimpleback  {Pletho- 
bcisus  cooperianus),  rough  pigtoe  (Pleurobe- 
ma  plenum),  pyramid  pigtoe  {Pleurobema 
rubrum),  and  winged  mapleleaf  (Quadriila 
fragosa).  Most  of  these  species  have  been  lost 
from  the  fauna  for  many  years,  and  several 
are  even  extinct. 

A  single  live  rough  pigtoe  was  collected 
from  the  East  Fork  White  River  in  1992  (Ball 
&  Schoenung  1996).  A  single  live  longsolid 
was  collected  from  Sugar  Creek  in  1991 
(Lewis  1991).  These  represent  the  last  known 
live  collections  of  either  species  from  Indiana 
waters.  If  these  species  are  live  in  the  Wabash 
River  drainage  they  are  extremely  rare  and  are 
no  longer  reproducing. 

Federally -endangered  species. — Three 
federally-endangered  freshwater  mussel  spe- 
cies maintain  populations  in  the  Wabash  River 
drainage  of  Indiana.  Clubshell  is  found 
throughout  the  Tippecanoe  River  in  the  upper 
Wabash  River  drainage.  Fanshell  is  found  in 
the  lower  Tippecanoe  River  (below  Lake 
Freeman)  and  the  lower  East  Fork  White  Riv- 
er. The  fat  pocketbook  survives  in  the  extreme 
lowest  section  of  the  mainstem  Wabash  River, 
where  it  is  one  of  the  most  common  live  fresh- 
water mussels  found. 
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ABSTRACT.  In  2004  the  Indiana  Department  of  Environmental  Management  (IDEM)  biologists  sam- 
pled 47  streams  and  rivers  within  the  Wabash  River  watershed.  More  than  5500  aquatic  insect  specimens, 
representing  229  taxa  from  nine  orders,  61  families,  and  167  genera  were  collected.  Diptera  (73  taxa)  was 
the  most  diverse  insect  order  followed  by  Coleoptera  (43  taxa),  Odonata  (31  taxa),  Ephemeroptera  (25 
taxa),  Trichoptera  (23  taxa),  Hemiptera  (20  taxa),  Plecoptera  (7  taxa),  Megaloptera  (5  taxa),  and  Lepidop- 
tera  (2  taxa).  We  collected  50-70%  of  the  families,  21-45%  of  the  genera,  and  9-17%  of  the  species  of 
Ephemeroptera,  Odonata,  Plecoptera,  and  Trichoptera  currently  reported  from  Indiana.  The  upper  Wabash 
sub-watershed  had  the  greatest  number  of  insect  taxa  (148)  while  the  lower  Wabash  sub-watershed  had 
the  fewest  taxa  (119).  Based  on  rank  abundance,  Cheumatopsyche  spp.,  Calopteryx  maculata,  Polypedium 
spp.,  Caenis  spp.,  Stenelmis  spp.,  Cricotopus/Orthocladius  group,  Tanytarsus  spp.,  Ceratopsyche  cheilonis, 
and  Thienemannimyia  group  were  found  at  more  than  50%  of  the  sites. 

Keywords:     Wabash  River,  environmental  quality,  macroinvertebrate.  IDEM,  probabilistic,  multi-habitat 


For  nearly  100  years  aquatic  macroinver- 
tebrates  have  been  used  as  indicators  of  water 
quality  (Forbes  1928;  Pantle  &  Buck  1955). 
In  the  1970s  American  scientists  shifted  the 
focus  of  biomonitoring  from  using  qualita- 
tively collected  indicator  species  to  the  use  of 
quantitative  sampling  and  analysis  by  means 
of  various  diversity  indices  (Bode  1988;  Hil- 
senhoff  1982,  1987,  1988).  In  order  to  cali- 
brate and  validate  indicator  organism  indices, 
basic  information  about  distribution  and  tax- 
onomy is  needed.  For  many  areas  this  infor- 
mation exists  at  the  order  or  family  level;  but, 
other  than  large  checklists,  little  information 
exists  at  the  species  or  lowest  taxonomic  level 
(Helenthal  et  al.  2003). 

In  1990,  the  Indiana  Department  of  Environ- 
mental Management  (IDEM)  initiated  a  benthic 
macroinvertebrate  community  assessment  pro- 
gram (IDEM  2001)  based  on  the  EPA  RBP  II 
protocols  (Plafkin  et  al.  1989).  This  method  uti- 
lized a  single  habitat  for  assessing  rivers  and 
streams  using  family-level  taxonomic  resolu- 
tion. Recent  comparisons  of  family-level  versus 
genus-  and  species-level  identifications  of  mac- 
roinvertebrates  has  determined  that,  in  most  sit- 
uations, genus-  and  species-level  identifications 


provide  much  greater  diagonostic  resolution 
(Lenat  &  Resh  2001).  Later,  in  2004,  IDEM  be- 
gan the  development  of  a  multi-habitat  (MHAB) 
sampling  method  for  collecting  benthic  macro- 
invertebrates  that  would  incorporate  genus-  and 
species-level  identifications  (IDEM  2006). 

The  purpose  of  the  present  study  is  to  pro- 
vide a  list  of  aquatic  insect  taxa  collected 
within  the  Wabash  River  watershed,  and  pre- 
sent a  comparison  of  taxonomic  occurrence  in 
four  sub-watersheds  based  on  samples  col- 
lected in  2004.  This  effort  is  based  on  a  strat- 
ified random  sampling  approach  that  reflects 
representative  occurrence  in  the  area. 

METHODS 

Study  area. — The  Wabash  River,  the  sec- 
ond largest  tributary  to  the  Ohio  River,  orig- 
inates near  St.  Henry,  Ohio  and  flows  in  a 
southwesterly  direction  for  765  km  before  en- 
tering the  Ohio  River  18  km  southwest  of  Mt. 
Vernon,  Indiana.  The  Wabash  River  watershed 
encompasses  85,236  km2,  with  nearly  74% 
(62,693  km2)  located  in  Indiana  (Illinois  and 
Ohio  contribute  21,805  km2  and  738  km2,  re- 
spectively) (Hoggatt  1975).  Major  streams 
within  the  Wabash  watershed  include  the  Tip- 
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pecanoe  River,  Wildcat  Creek,  Mississinewa 
River,  Salamonie  River,  Patoka  River,  Drift- 
wood River,  Flatrock  River,  Muscatatuck  Riv- 
er, and  the  White  River. 

The  Wabash  River  watershed  is  located  pri- 
marily within  the  Eastern  Corn  Belt  Plain 
Ecoregion  with  the  extreme  northern  area  be- 
ing in  the  Southern  Michigan/Northern  Indi- 
ana Till  Plain  Ecoregion,  the  southcentral  area 
being  in  the  Interior  Plateau  and  Eastern  Corn 
Belt  Plain  Ecoregion,  and  the  southwestern 
area  being  found  in  the  Interior  River  Low- 
land Ecoregion.  The  Eastern  Corn  Belt  Plain 
and  Southern  Michigan/Northern  Indiana  Till 
Plain  Ecoregions  are  formerly  glaciated  with 
bedrock  composed  of  Paleozoic  shale,  sand- 
stone, limestone  and  dolomite  overlain  with 
clay  and  loam  till  and  outwash.  The  Interior 
River  Lowland  is  composed  of  both  formerly 
glaciated  and  un-glaciated  areas  with  bedrock 
composed  of  Pennsylvanian  shale,  sandstone, 
limestone  and  coal  overlain  by  Quaternary  al- 
luvium and  glacial  outwash.  The  Interior  Pla- 
teau Ecoregion,  which  was  never  glaciated,  is 
an  area  with  Quaternary  loess,  colluvium  and 
alluvium  underlain  with  Mississippian  and 
Pennsylvanian  shale,  sandstone,  and  limestone 
(Woods  et  al.  1998).  About  65%  of  the  Wa- 
bash River  watershed,  primarily  within  the 
Eastern  Corn  Belt  Plain  and  the  Northern  In- 
diana Till  Plain  Ecoregions,  is  utilized  as  ag- 
ricultural cropland  for  corn  and  soybean  pro- 
duction. Agriculture  is  also  a  primary  land  use 
within  the  Interior  River  Lowland  Ecoregion, 
although  oil  wells  and  coal  mines  are  also 
common.  Forests  account  for  13.5%  of  the 
Wabash  River  watershed  and  are  mostly  found 
within  the  Interior  Plateau  Ecoregion  (Gam- 
mon 1994;  Woods  et  al.  1998). 

Study  design. — As  part  of  the  IDEM  Sur- 
face Water  Monitoring  Strategy  (2001,  2006), 
IDEM  biologists  sampled  47  sites  within  the 
Wabash  River  Watershed  during  2004  (Table 
1,  Fig.  1).  Site  selection  for  this  study  was  part 
of  a  watershed-based,  statewide  stratified,  ran- 
dom subset  of  736  previously  sampled  macro- 
invertebrate  sampling  sites.  This  study  presents 
a  comprehensive  phylogenetic  taxonomic  list 
of  species  collected  across  the  Indiana  portion 
of  the  Wabash  River  watershed.  For  the  pur- 
pose of  this  study,  the  Wabash  River  water- 
shed was  divided  into  four  sub-watersheds 
based  on  the  Monitoring  Strategy  Areas  used 
by  the  IDEM  Surface  Water  Monitoring  Strat- 


egy (2001,  2006).  The  sub-watersheds  are  as 
follows:  the  upper  Wabash  River  CUWRj. 
lower  Wabash  River  (LWR).  West  Fork  of  the 
White  River  (WFWR)  and  East  Fork  of  the 
White  River  (EFWR)  (Fig.  1 ). 

Numerical  classification  analysis  was  con- 
ducted using  STATISTICA  for  Windows 
(StatSoft  2002).  We  analyzed  the  30  most 
commonly  ranked  taxa  occurring  in  the  entire 
Wabash  River  watershed  and  each  of  its  four 
sub-watersheds.  This  information  is  presented 
in  a  cumulative  frequency-distribution  table  of 
the  most  common  taxa  (Table  2). 

Field  collection. — Aquatic  macroinverte- 
brate  samples  were  collected  at  each  site  up- 
stream of  bridges  (if  present)  to  decrease  any 
effects  that  the  bridges  might  have  on  the 
downstream  fauna.  Following  a  modified  D- 
frame  dipnet  method  (IDEM  2001.  2006)  de- 
scribed from  Plafkin  et  al.  (1989)  and  Barbour 
et  al.  (1999),  a  one-minute  kick  sample  was 
taken  within  a  riffle  (if  available),  run.  or  a 
typical  glide  area  at  each  site.  In  addition,  a 
50  m  length  of  stream  habitat  was  sampled 
with  a  D-frame  dipnet  to  obtain  a  MHAB 
sample.  Instream  habitats  included  emergent 
vegetation,  submerged  macrophytes.  deposi- 
tional  zones,  logs,  sticks,  rootwads.  rootmats. 
cobble,  and  sand.  All  habitats  were  sampled 
as  encountered.  The  MHAB  sample  and  the 
kick  sample  were  combined  and  elutriated  a 
minimum  of  five  times  through  a  50  uan  sie\  e. 
The  contents  of  the  sieve  were  emptied  into  a 
tray  and  picked  through  for  15  min.  collecting 
at  least  100  organisms  per  site,  obtaining  the 
greatest  diversity  of  organisms  possible. 
Aquatic  macroinvertebrates  were  presetted  in 
80%  isopropyl  alcohol  and  returned  to  the  lab 
to  be  processed  and  identified,  usual  1\  to  ge- 
nus or  species,  using  regional  1\ -recognized 
taxonomic  references  (such  as  Merritt  & 
Cummins  1996:  Hilsenhoff  1995;  and  Brig- 
ham  et  al.  1982).  All  specimens  were  retained 
and  are  maintained  at  the  IDEM  Shadeland 
office/laboratory.  Indianapolis.  Indiana. 

RESULTS  AND  DISCISSION 

This  single  year  sampling  effort  of  4~  sites 
in  the  Wabash  River  watershed  collected  more 
than  5500  aquatic  insects.  Using  a  MHAB 
sampling  approach  a  total  of  229  aquatic  in- 
sect taxa.  distributed  over  nine  orders.  61  fam- 
ilies, and  167  genera  was  collected  (Table  3), 
The  most  diverse  insect  orders  were  Diptera 
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Table   1 . — Site  localities  of  all  sites  sampled  in  the  Wabash  River  watershed,  Indiana,  in  2004.  Site 
numbers  correspond  to  Table  3  and  are  shown  in  Fig.  1 . 


Site 


County 


Locality 


Latitude 

N 


Longitude 
W 


Upper  Wabash  River  sub-watershed 

A 1  Tippecanoe  Wildcat  Creek  @  Wolfe  Rd 

A2  Carroll  Wildcat  Creek  @  US  421 

A3  Carroll  Wildcat  Creek  @  CR  50  E 

A4  Carroll  Little  Deer  Creek  @  CR  300  N 

A3  Carroll  Deer  Creek  @  CR  300  N 

A6  Carroll  Deer  Creek  U/S  of  Delphi,  Indiana 

A7  Carroll  Deer  Creek  D/S  of  Delphi  Water  Treatment  Plant 

A 8  White  Honey  Creek  @  CR  225  N 

A9  Pulaski  Tippecanoe  River  @  Pulaski 

A  10  Pulaski  Mud  Creek  @  SR  119 

A 1  1  Starke  House  Ditch  @  CR  850  S 

A12  Fulton  Mill  Creek  @  CR  250  N  (Olson  Rd) 

A 1 3  Wabash  Eel  River  U/S  Wabash  Rd 

A 14  Huntington  Wabash  River  D/S  Huntington  Reservoir 

A15  Wells  Eightmile  Creek  @  Aboite  Rd 

A 16  Jay  Wabash  River  @  CR  215  E 

A 1 7  Delaware  Mississinewa  River  200m  D/S  of  CR  700  N 


Lower  Wabash  River  sub-watershed 


Bl 
B2 
B3 
B4 
B5 
B6 
B7 


Knox 

Knox 

Knox 

Sullivan 

Montgomery 

Warren 

Warren 


West  Fork  White  River 

C 1  Greene 

C2  Clay 

C3  Owen 

C4  Morgan 

C5  Hendricks 

C6  Putnam 

C7  Putnam 

C8  Hamilton 

C9  Madison 

C10  Randolph 


Snapp  Creek  30m  D/S  of  Iron  Bridge 

Smalls  Creek  @  ford  W  of  RR,  Sec  26 

Maria  Creek  @  CR  1050  S 

Sulphur  Creek  @  SR  48 

Sugar  Creek  @  CR  600  E 

Big  Pine  Creek  @  SR  55 

Mud  Pine  Creek  @  CR  850  N 

sub-watershed 
Buck  Creek  @  SR  54,  E  of  Linton 
Wabash  and  Erie  Canal  @  CR  1 1 3  W 
Little  Mill  Creek  @  CR  25  E 
Lambs  Creek  @  Middle  Patton  Lake  Rd 
East  Fork  White  Lick  Creek  @  CR  800  S 
Big  Walnut  Creek  D/S  Wildwood  Bridge 
Plum  Creek  @  CR  500  N 

Stony  Creek  @  Cumberland  Rd  Gaging  Station 
Pipe  Creek  U/S  Alexandria,  in  WWTP 
West  Fork  White  River  120  m  U/S  CR  1 100  W 


East  Fork  White  River  sub-watershed 

Dl  Orange  Lost  River  @  Potato  Rd 

D2  Lawrence  Guthrie  Creek  @  Leesville/  Fort  Ritner  Rd 

D3  Lawrence  Pleasant  Run  Creek  @  CR  50  E 

D4  Lawrence  Wolf  Creek  @  CR  825  N 

D5  Lawrence  Henderson  Creek  @  CR  off  of  SR  446 

D6  Jennings  Otter  Creek  @  CR  190  E,  Cherry  Park  Rd 

D7  Jennings  Leatherwood  Creek  @  CR  925  N  at  Zenas 

D8  Jennings  Vernon  Fork  Muscatatuck  River  @  CR  1225  N 

D9  Shelby  Lewis  Creek  @  SR  252 

D10  Johnson  Sugar  Creek  @  CR  650  S  at  old  CCC  Dam 

Dl  1  Shelby  Brandy  wine  Creek  @  SR  9 

D12  Rush  Little  Blue  River  @  CR  300  N 

D13  Henry  Big  Blue  River  @  CR  400  S 


40°  27.17' 

86°  43.59 

40°  27.52' 

86°  38.13 

40°  28.58' 

86°  30.43 

40°  35.24' 

86°  28.04 

40°  35.23' 

86°  37.18 

40°  35.10' 

86°  40.08 

40°  34.28' 

86°  40.59 

40°  47.05' 

86°  47.39 

40°  58.22' 

86°  39.35 

40°  59.01' 

86°  38.51 

41°  10.44' 

86°  32.26 

41°  05.30' 

86°  13.53 

40°  59.38' 

85°  46.55 

40°  50.46' 

85°  28.16 

40°  54.53' 

85°  19.09 

40°  34.05' 

84°  50.55 

40°  17.33' 

85°  18.47 

38°  42.04' 

87°  29.57 

38°  45.06' 

87°  29.16 

38°  52.53' 

87°  20.48 

39°  11.13' 

87°  16.15 

40°  06.28' 

86°  47.38 

40°  18.14' 

87°  15.47 

40°  26.24' 

87°  21.30 

39°  02.17' 

87°  06.31 

39°  11.54' 

87°  08.09 

39°  21.32' 

86°  45.50 

39°  28.10' 

86°  30.23 

39°  38.46' 

86°  20.48 

39°  42.11' 

86°  47.24 

39°  43.53' 

86°  46.04 

40°  01.44' 

85°  59.42' 

40°  15.47' 

85°  42.00' 

40°  09.59' 

85°  11.11' 

38°  38.11' 

86°  21.57' 

38°  48.08' 

86°  17.43' 

38°  54.01' 

86°  28.10' 

38°  58.35' 

86°  28.40' 

38°  57.43' 

86°  22.08' 

38°  59.20' 

85°  34.31' 

39°  07.03' 

85°  28.21' 

39°  09.53' 

85°  27.45' 

39°  21.49' 

85°  51.29' 

39°  22.52' 

86°  00.21' 

39°  41.13' 

85°  46.26' 

39°  39.18' 

85°  34.15' 

39°  52.26' 

85°  26.20' 
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Table  2. — Percent  occurrence  of  the  30  most  common  aquatic  insects  collected  in  the  Wabash  River 
watershed,  Indiana,  and  its  sub-watersheds  in  2004.  UWR  =  upper  White  River  sub- watershed,  LWR  = 
lower  White  River  sub-watershed,  WFWR  =  West  Fork  White  River  sub- watershed,  EFWR  =  East  Fork 
White  River  sub-watershed. 


Entire  Wabash 

watershed 

UWR 

LWR 

WFWR 

EFWR 

Taxa 

(N=47) 

(n=17) 

(n=7) 

(n=10) 

(n=13) 

Cheumatopsyche  spp. 

72 

71 

57 

SO 

77 

Calopteryx  maculata 

66 

53 

86 

60 

77 

Polypedilum  spp. 

60 

82 

86 

60 

15 

Caeinis  spp. 

55 

29 

71 

60 

77 

Stenelmis  spp. 

55 

53 

43 

70 

54 

Cricotopus/Orthocladius  grp. 

53 

59 

57 

60 

38 

Tanytarsus  spp. 

53 

59 

57 

60 

38 

Ceratopsyche  cheilonis 

53 

65 

43 

60 

38 

Thienemannimyia  grp. 

51 

47 

57 

40 

62 

Enallagma  divagans 

49 

47 

57 

70 

31 

Tipula  spp. 

43 

IS 

14 

50 

85 

Is  onychia  spp. 

43 

41 

29 

40 

54 

Microtendipes  spp. 

43 

53 

43 

30 

38 

Tricorythodes  spp. 

43 

65 

43 

40 

15 

Peltodytes  duodecimpunctatus 

38 

41 

29 

40 

38 

Dubiraphia  spp. 

36 

29 

43 

40 

38 

Boyeria  vinosa 

34 

35 

14 

50 

31 

Dicrotendipes  spp. 

34 

29 

57 

40 

23 

Argia  tibialis 

34 

41 

43 

30 

23 

Baetis  inter Talaris 

34 

47 

43 

30 

15 

Hydroporus  spp. 

32 

35 

29 

0 

54 

Chironomus  spp. 

32 

24 

43 

30 

38 

Helichus  lithophilus 

32 

IS 

57 

50 

23 

Stenonema  femoratum 

30 

6 

29 

20 

69 

Microvelia  americana 

30 

6 

43 

30 

54 

Peltodytes  lengi 

30 

IS 

14 

40 

46 

Ceratopsyche  spp. 

30 

35 

14 

40 

23 

Dubiraphia  minima 

30 

35 

14 

40 

23 

Cladotanytarsus  spp. 

30 

29 

43 

40 

15 

Cricotopus  trifascia 

30 

35 

43 

30 

15 

(73  taxa),  Coleoptera  (43  taxa),  and  Odonata 
(31  taxa).  The  remaining  82  taxa  were  distrib- 
uted among  the  orders  Ephemeroptera  (25 
taxa),  Trichoptera  (23  taxa),  Hemiptera  (20 
taxa),  Plecoptera  (7  taxa),  Megaloptera  (5 
taxa),  and  Lepidoptera  (2  taxa). 

Hellenthal  et  al.  (2003)  published  a  list  of 
2307  aquatic  insect  species  either  recorded 
from  Indiana  or  likely  to  occur  within  the 
state.  The  data  collected  from  the  Wabash 
River  watershed  are  presented  and  compared 
with  this  list  in  Table  4.  This  study  collected 
50-70%  of  the  families,  21-45%  of  the  gen- 
era, and  9-17%  of  the  species  of  Ephemer- 
optera, Odonata,  Plecoptera,  and  Trichoptera 
currently  reported  from  Indiana  (Table  4) 
(Hellenthal  et  al.  2003).  These  are  surprisingly 


high  numbers  considering  the  temporal  and 
spatial  limits  of  this  study,  which  sampled 
only  47  sites  in  Indiana's  largest  watershed 
from  September  to  November. 

Diversity  by  sub  watershed. — The  UWR 
sub-watershed  had  the  greatest  number  of  in- 
sect taxa  (148)  while  the  LWR  sub-watershed 
had  the  fewest  taxa  (1  lc)).  The  WFWR  and 
the  EFWR  had  122  taxa  and  132  taxa,  re- 
spectively. The  greatest  number  of  taxa  (48) 
was  found  in  both  the  LWR  sub-watershed  in 
Sugar  Creek.  Montgomery  Count)  (site  B5), 
and  within  the  EFWR  sub-watershed,  in  Bran- 
dywine  Creek.  Shelby  County  (site  Dll).  The 
fewest  taxa  (c))  were  found  in  Wolf  Creek. 
Lawrence  County  (site  D4).  The  average  num- 
ber of  taxa  collected  in  the  Wabash  River  w  a- 
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Table  3. — Aquatic  insects  collected  in  the  Wabash 
River  watershed.  Indiana,  in  2004.  Orders  are  ar- 
ranged phylogenetically,  followed  by  the  alphabeti- 
cal listing  of  families,  genera,  and  species.  Numbers 
associated  with  each  taxon  correspond  to  the  site  lo- 
calities listed  in  Table  1  and  shown  in  Fig.  1 . 

Order  Ephemeroptera  (10  families) 
Family  Baetidae 
Acentrella  turbida  (McDunnough):  A6,  A7, 

A 13.  B5.  B7.  C6 
Baetis  spp.:  B6.  Dl 
Baetis flavistriga  McDunnough:  Al,  A2,  A4, 

A6,  A7,  A 13.  A 15,  B7,  C7,  CIO 
Baetis  intercalahs  McDunnough:  Al,  A3,  A6, 

A7.  A9.  A 13,  A 15.  A 16,  Bl,  B2,  B7,  CI,  C4, 

C5,  Dll,  D13 
Callibaetis  spp.:  B2,  C8 
Procloeon  spp.:  A2,  C3,  C5.  C6 

Family  Baetiscidae 

Baetisca  lacustris  McDunnough:  D9 
Family  Caenidae 
Caenis  spp.:  A8,  A9,  A 12,  A 15,  A 17.  Bl,  B2, 
B5,  B6,  B7,  CI,  C2,  C3,  C4,  C6,  CIO,  Dl, 
D2.  D3,  D6,  D7,  D8.  D9,  D10,  Dl  1,  D12 

Family  Ephemerellidae 
Eurylophella  spp.:  Dl.  D5 

Family  Ephemeridae 
Ephemera  simulans  Walker:  A 17,  B5,  B6,  D2 
Hexagenia  limbata  (Serville):  A9,  D9 

Family  Heptageniidae 
Leucrocuta  hebe  (McDunnough):  Al,  A5,  A6, 

A7.  A12.  A15.  A17,  B6,  B7,  C5,  Dll 
Mccaffertium  spp.:  Al,  A5,  A6,  A7,  B6,  C6 
Mccaffertium  mediopunctatum  (McDunnough): 

A4,  A5,  A6,  A7.  B6.  B7.  C6,  D10,  Dl  1,  D12 
Mccaffertium  pulchellum  (Walsh):  A5,  A7, 

A 13,  A  16,  A 17,  B5.  B6,  CIO,  Dl,  D6,  D9, 

D10 
Mccaffertium  termiuatum  (Walsh):  A3.  A5.  A6. 

A7^A9,  A17,  B6.  C6.  D10 
Stenacron  spp.:  A 17,  Bl 
Stenacron  interpunctatum  (Say):  A4,  A5,  A6, 

A7.  A8,  A9,  A 15,  B2,  CI.  C2.  C4.  C6,  D2 
Stenonema femoratum  (Say):  A  15,  B6,  B7,  C3. 

C4,  Dl,  D2.  D3.  D4.  D5,  D6,  D7,  D8,  D9 

Family  Isonychiidae 
Isonychia  spp.:  Al,  A2.  A3,  A5,  A6.  A7.  A  17. 
B6,  B7.  C4,  C6,  C7,  CIO,  D2.  D6.  D7.  D9, 
D10,  Dl  1,  D12 

Family  Leptohyphidae 
Tricorythodes  spp.:  Al,  A2,  A3,  A4,  A5,  A6, 
A7,  A9,  A 13.  A 14.  A 16.  B5.  B6.  B7.  C5,  C6. 
C8,  CIO,  D10,  Dll 
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Family  Leptophlebiidae 
Leptophlebia  cupula  (Say):  Dl,  D2,  D3,  D7, 

D10 
Paraleptophlebia  Ontario  (McDunnough):  A9 

Family  Potamanthidae 
Anthopotamus  spp.:  C6 

Anthopotamus  myops  (Walsh):  A3,  A 17,  B5, 
D10 

Order  Odonata  (7  families) 
Family  Calopterygidae 
Calopteryx  maculata  (Beauvois):  A4,  A6,  A8, 
A9.  A 10,  Al  1,  A 12,  A 13,  A 17,  B2,  B3,  B4, 
B5,  B6,  B7,  C2,  C3,  C4,  C5,  C7,  C8,  Dl,  D2, 
D3,  D4,  D7,  D8,  D9,  Dl  1,  D12,  D13 
Hetaerina  americana  (Fabricius):  A4,  A6,  C2, 
C5,  C8,  Dll 

Family  Coenagrionidae 
Argia  spp.:  A 12,  A 16,  B6,  B7,  CI,  C2,  C4,  Dl, 

D4 
Argia  apicalis  (Say):  A4 
Argia  fumipennis  (Burmeister):  A4,  A8,  B5,  C2, 

C8,  D7 
Argia  moesta  (Hagen):  A3,  A5,  A6,  A7,  A 17, 

B5,  B6,  B7,  C8,  Dl,  D2,  D6,  D8 
Argia  sedula  (Hagen):  CI,  C2 
Argia  tibialis  (Rambur):  A2,  A3,  A4,  A8,  A 12, 

A 13,  A 16,  B3,  B5,  B6,  CI,  C6,  CIO,  D9, 

D10,  Dll 
Enallagma  spp.:  CI,  C4 
Enallagma  divagans  Selys:  A2,  A4,  A6,  A7, 

A8,  A9,  A12,  A16,  Bl,  B2,  B4,  B5,  CI,  C2, 

C4,  C5,  C6,  C8,  CIO,  Dl,  D9,  D10,  Dl  1 
Ischnura  spp.:  CI 

Ischmtra  posita  (Hagen):  A8,  A9,  Al  1,  A 16,  B4 
Ischnura  verticalis  (Say):  A8,  All,  A16 

Family  Aeshnidae 
Anax  Junius  (Drury):  A8,  C2 
Basiaeschna  janata  Say:  B3.  C4,  Dl,  D2,  D8 
Boyeria  vinosa  (Say):  A2,  A6,  A9,  A 10,  A 12, 

A 13,  B5,  C2.  C3,  C5,  C7,  C10.  D7,  D9,  D10, 

D13 
Nasiaeschna  pentacantha  (Rambur):  C2 

Family  Corduliidae 

Somatochlora  spp.:  D7 
Family  Libellulidae 

Libellula  spp.:  C2 

Plathemis  lydia  (Drury):  A8,  B2,  C4 

Sympetrum  obtrusum  (Hagen):  D2 

Family  Macromiidae 
Macromia  spp.:  A5,  A9,  B5,  D6,  D9,  D10,  Dl  1 
Macromia  illinoensis  Walsh:  B5,  D9 
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Family  Gomphidae 
Dromogomphus  spinosus  Selys:  A4,  B2,  Dl, 

D9,  D10 
Dromogomphus  spoliatus  (Hagen  in  Selys):  A2, 

A3,  A6,  A9,  B5,  B6,  B7,  C5,  D2,  D8,  D9, 

D10 
Erpetogomphus  designatus  Hagen  in  Selys:  Al, 

A9 
Hagenius  brevistylus  Selys:  C3 
Ophiogomphus  rupinsulensis  (Walsh):  A6 
Progomphus  obscurus  Rambur:  C4 
Stylogomphus  sigmastylus  Cook  and 

Laudermilk:  C3 
Stylurus  spiniceps  (Walsh):  A9,  D10 

Order  Plecoptera  (4  families) 
Family  Nemouridae 

Shipsa  rotunda  (Claassen):  D10 
Family  Perlidae 
Acroneuria  abnormis  (Newman):  A9 
Agnetina  flavescens  Walsh:  Dl 
Perlinella  drymo  (Newman):  A7,  B6,  D5,  D10, 
Dll 

Family  Perlodidae 
Jsoperla  spp.:  D2,  D5 

Family  Taeniopterygidae 
Taeniopteryx  spp.:  Al,  A2,  A9,  D6,  D10,  D12 
Taeniopteryx  metequi  Ricker  and  Ross:  D10 

Order  Hemiptera  (8  families) 
Family  Belostomatidae 
Belostoma fluminea  Say:  A2,  A4,  A5,  A8,  All, 
A 13,  A 16,  C2,  C4,  D4,  D7,  Dl  1 

Family  Corixidae 
Hesperocorixa  spp.:  Dll 
Sigara  spp.:  A8,  A 10,  Al  1,  B7,  C7,  C9,  CIO, 

Dl,  Dll 
Trichocorixa  calva  (Say):  A2,  A8,  All,  A 16, 

B2,  C8,  CIO,  Dl,  D3,  D6,  Dll 

Family  Gerridae 
Aquarius  spp.:  All,  A 12,  B2,  B4,  D5 
Gerris  spp.:  A 16,  B2,  B3,  B4,  C7,  D5 
Metrobates  hesperius  Uhler:  A6,  B5,  C5 
Rheumatobates  spp.:  A2,  A4,  C2,  C5 
Trepobates  inermis-knighti  grp.:  C4,  C6 
Trepobates  pictus  (Herrich-Schaeffer):  Bl,  B3, 

CI 
Trepobates  subnitidus  Esaki:  B2,  C2,  C?> 

Family  Mesoveliidae 

Mesovelia  mulsanti  White:  A 12,  C4 
Family  Nepidae 

Ranatra  fusca  Palisot:  A2,  A8,  A 13 
Family  Notonectidae 

Notonecta  irrorata  Uhler:  All,  B3,  B4.  CIO 


Family  Pleidae 

Neoplea  striola  (Fieber):  A2.  B2.  C5 
Family  Veliidae 
Microvelia  spp.:  C7 
Microvelia  americana  ( Uhler j:  A  12.  B2.  B3. 

B4,  C3,  C4,  C7,  D3,  D4,  D5.  D7.  D8.  D9. 

D12 
Rhagovelia  spp.:  A 16,  C6 
Rhagovelia  obesa  Uhler:  A  13.  A  16.  A  17.  B6 
Rhagovelia  oriander  Parshley:  A4.  A9.  A  10. 

A 17,  B5,  B6,  B7,  C3,  C4.  C5,  C6 

Order  Megaloptera  (2  families) 
Family  Corydalidae 
Corydalus  cornutus  (Linnaeus):  A 17.  B7.  D2. 

D6,  D7,  D10 
Chauliodes  pectinicornis  (Linnaeus):  B2 
Nigronia  fasciatus  (Walker):  D3 
Nigronia  serricornis  (Say):  C3,  Dl.  D3.  D5, 
D6,  D7,  D8 

Family  Sialidae 
Sialis  spp.:  B4,  CI,  C8,  CIO.  Dl.  D2.  D9,  D12 
Order  Trichoptera  (9  families) 
Family  Brachycentridae 

Brachycentrus  numerosus  (Say):  A9 
Family  Hydropsychidae 
Ceratopsyche  spp.:  Al,  A3.  A4.  A5.  A6.  A  15. 

B5,  C4,  C6,  C7,  CIO.  D10.  Dl  1.  D13 
Ceratopsyche  bronta  (Ross):  A5.  A6.  A7.  B6. 

B7.  C5.  CIO,  D6,  D9.  D10.  D12 
Ceratopsyche  cheilonis  (Ross):  Al.  A2.  A3.  A4. 

A5,  A6,  A7,  A9,  A 13.  A 14.  A 17.  B5.  B6.  B~. 

C5,  C6,  C7.  C8.  C9.  CIO.  D6.  D9.  D10,  D12, 

D13 
Ceratopsyche  sparna  (Ross):  A 10 
Cheumatopsyche  spp.:  Al.  A2.  A3.  A4.  A5.  A6, 

A7,  A9,  A 14.  A 15.  A 16.  A 17.  Bl.  B2.  B6, 

B7.  CI.  C^.  C4.  C5,  C6.  C7,  C9,  CIO.  Dl, 

D2.  D3.  D6.  D7.  D8.  D9.  D10.  D12.  D13 
Hydropsyche  spp.:  Al.  A8.  A9.  B2,  C8,  Dll 
Hydropsyche  aerata  Ross:  Al.  B5 
Hydropsyche  betteni-depravata  group:  A4.  AS. 

A  10.  B2.  B3.  B7.  C4,  C8,  C9,  CIO,  D3,  Dll. 

D13 
Hydropsyche  dicantha  Ross:  A  1 .  A3.  A.5,  A6, 

A  16.  B7.  CIO.  D13 
Hydropsyche frisoni  Ross:  Dl  1 
Hydropsyche  simulam  Ross:  <\9,  A  13.  A  15.  B2, 

B7 

Family  Hydroptilidae 

Agraylea  spp.:  A 9 
Hydroptila  spp.:  C7 

Family  Leptoceridae 
Nectopsyche  exquisite  (Walker):  Ao.  A13 
Oecetis  spp.:  A3.  A4.  B5,  D6 
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Family  Limnephilidae 
Pycnopsyche  spp.:  A 10,  D10 

Family  Philopotamidae 
Chimarra  aterrima  (Hagen):  C3,  C7,  D2,  D3 
Chimarra  obscura  (Walker):  Al,  A2,  A3,  A6, 
A7,  CI,  C4,  D2,  D6,  D7,  D8,  D12 

Family  Phyrganeidae 
Ptilostomis  spp.:  All,  A 17,  B4,  D2 

Family  Polycentropodidae 
Cernotina  spicata  Ross:  A 17,  D9 
Neureclipsis  crepiiscularis  (Walker):  A4,  A9 

Family  Rhyacophilidae 

Rhyacophila  lobifera  Betten:  D2 
Order  Lepidoptera  (1  family) 
Family  Pyralidae 

Crambus  spp.:  A 17,  D4 

Petrophila  spp.:  Al,  A2,  A4,  A6,  B5 

Order  Coleoptera  (9  families) 
Family  Carabidae 

Stenus  spp.:  D13 
Family  Dryopidae 
Helichus  basal  is  LeConte:  C3,  D5,  D6,  D8 
Helichus  fastigiatus  (Say):  D5 
Helichus  lithophilus  (Germar):  A4,  A5,  A7,  Bl, 
B2,  B5,  B6,  CI,  C3,  C4,  C6,  C7,  D4,  D8,  D9 
Helichus  striatus  LeConte:  A 10 

Family  Dytiscidae 
Agabus  spp.:  D5 
Copelatus  chevrolati  Aube:  Bl 
Coptotomus  interrogatus  (Fabricius):  A3 
Coptotomus  loticus  Hilsenhoff:  Al,  All,  B2 
Hydroporus  spp.:  Al,  A2,  A3,  A8,  All,  A 16, 

B2,  B4,  Dl,  D2,  D3,  D4,  D5,  D7,  D8 
llybius  spp.:  B4 
Laccophilus  spp.:  B4 
Laccophilus  fasciatus  Aube:  B4 
Laccophilus  maculosus  Say:  Al,  All,  B2,  C7, 

CIO.  D7 
Liodessus  ajfinis  (Say):  A9,  Dl  1 

Family  Elmidae 
Dubiraphia  spp.:  Al,  A2,  A7,  A8,  A 10,  Bl,  B2, 

B5,  CI,  C8,  C9,  CIO,  Dl,  D7,  D9,  D10,  Dl  1 
Dubiraphia  minima  Hilsenhoff:  A2,  A3,  A4, 

A6.  A  13,  A  16.  B5,  C1.C2,  C4,  C5,  D9,  D10, 

Dll 
Macronychus  glabratus  (Say):  A2,  A9,  A  I  3, 

B5.  CI.  C2,  C5,  C7 
Optioservus  spp.:  A4.  A6,  A 10,  D12 
Optioservus  fastiditus  (LeConte):  A10 
Optioservus  trivittatus  (Brown):  D12 


Stenelmis  spp.:  Al,  A2,  A3,  A4,  A6,  A7,  A 15, 
A 16,  A 17,  B3,  B5,  B6,  CI,  C4,  C5,  C6,  C7, 
C9,  CIO,  D2,  D3,  D6,  D8,  Dll,  D12,  D13 

Stenelmis  crenata  (Say):  A4,  A 15,  A 17,  B5,  CI, 
C2,  C5,  C7,  CIO,  D2,  D3,  D8,  Dl  1 

Stenelmis  quadrimaculata  Horn:  B2 

Stenelmis  sexlineata  Sanderson:  A2,  A3,  A4, 
A5,  A17,  B5,  C4,  CIO,  D6,  D8,  D9,  Dll 

Stenelmis  vittipennis  Zimmerman:  A2,  A3,  A16, 
Bl,  B5,  D10 

Family  Gyrinidae 
Gyrinus  spp.:  A 10,  Al  1,  B4,  C2,  D9 
Gyrinus  maculiventris  LeConte:  D10 

Family  Haliplidae 
Peltodvtes  duodecimpunctatus  (Say):  A2,  A3, 

A8,  A9,  A10,  All,  A16,  B2,  B3,  C2,  C7,  C9, 

C10,  D7,  D8,  D9,  Dll,  D12 
Peltodvtes  edentulus  (LeConte):  A3,  A8,  A 16, 

D9 
Peltodytes  lengi  Roberts:  A2,  A9,  Al  1,  B5,  C5, 

C8,  C9,  C10,  Dl,  D2,  D7,  D8,  Dll,  D12 
Peltodytes  sexmaculatus  Roberts:  A8,  B5,  D3, 

Dll 

Family  Hydrophilidae 
Berosus  spp.:  Al,  A2,  A4,  A8,  A 14,  B6 
Berosus  fraternus  LeConte:  B2 
Berosus  pantherinus  LeConte:  B2 
Enochrus  spp.:  D9 
Helophorus  spp.:  A3,  A16,  Dll 
Hydrobius  spp.:  C7 
Laccobius  spp.:  C7 
Tropistemus  glaber  (Herbst):  B2,  B3,  C2,  D2 

Family  Psephenidae 
Ectropia  spp.:  Dl 

Psephenus  herricki  (De  Kay):  A 17,  C3,  Dl,  D2, 
D3,  D4,  D6,  D7,  D8,  D9,  Dl  1,  D12 

Family  Scirtidae 
Cyphon  spp.:  A2,  A9,  A 10.  B3,  B5,  B6,  CI,  C4, 
D2,  D5,  D7,  Dll 

Order  Diptera  (11  families) 

Family  Chironomidae 
Subfamily  Orthocladiinae 
Tribe  Corynoneurini 
Corynoneura  spp.:  A4,  A6,  A 17,  C7,  D2,  D7, 

D9,  Dll,  D12 
Thienemanniella  spp.:  A7 
Thienemanniella  taurocapita  Hestenes  and 

Saether:  C7 
Theinemanniella  xena  (Roback):  A 12,  B5 

Tribe  Orthocladiini/Metriocnemini: 
Brillia  spp.:  A4 
Cardiocladius  spp.:  A3 
Cricotopus/Orthocladius  spp.:  Al,  A2,  A3, 
A4.  A5,  A6,  A7,  A9,  A13,  A14,  B2,  B5, 
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B6,  B7,  C2,  C5,  C6,  C7,  C8,  CIO,  D2,  D9, 
D10,  Dll,  D13 

Cricotopus  trifascia  Edwards:  Al,  A2,  A3, 
A6,  A7,  A13,  B5,  B6,  B7,  C7,  C8,  CIO,  D9, 
Dll 

Diplocladius  cultiger  Kieffer:  D2 

Eukiefferiella  spp.:  A3,  D10 

Hydrobaenus  spp.:  A 17,  D7,  Dll 

Nanocladius  spp.:  A4 

Parakiejferiella  spp.:  A3,  A4,  A5,  A6,  A7, 
A8,  B6,  B7,  C8,  D9,  D10 

Psectrocladius  spp.:  Dll,  D13 

Rheocricotopus  spp.:  A13,  C3 

Tvetnia  spp.:  Al,  A 14,  C8 

Subfamily  Chironominae 
Tribe  Chironomini 
Chironomus  spp.:  A2,  A3,  A4,  A7,  B2,  B4, 

B6,  C6,  C7,  C9,  D7,  D9,  D10,  Dll,  D13 
Cryptochironomus  spp.:  A2,  A17,  B2,  B5,  B6, 

B7,  C5,  C9 
Cryptotendipes  spp.:  B2,  C2 
Dicrotendipes  spp.:  Al,  A2,  A3,  A4,  A5,  B2, 

B5,  B6,  B7,  C6,  C7,  C8,  CIO,  D9,  Dl  1,  D12 
Glyptotendipes  sp.:  B2,  C7 
Microtendipes  spp.:  Al,  A2,  A3,  A4,  A6,  A8, 

A14,  A15,  A17,  B5,  B6,  B7,  C3,  C6,  CIO, 

D7,  D9,  D10,  Dll,  D12 
Paracladopelma  spp.:  Bl 
Paurolaterborniella  nigrohalteralis 

(Malloch):  A3 
Paratendipes  spp.:  Bl 
Phaenopsectra  spp.:  Al,  A2,  A4,  A5,  A7, 

A14,  B7,  CI,  C6,  D13 
Polypedilum  spp.:  Al,  A2,  A3,  A4,  A5,  A6, 

A7,  A9,  A12,  A13,  A14,  A15,  A16,  A17, 

Bl,  B2,  B3,  B4,  B6,  B7,  CI,  C2,  C3,  C6, 

C7,  CIO,  D6,  D12 
Saetheria  spp.:  A 15,  C5,  C6 
Stictochironomus  spp.:  A3,  A4,  A7,  A 17,  B3, 

C5,  D7,  D10,  Dll 

Tribe  Pseudochironomini 

Pseudochironomus  spp.:  A3 
Tribe  Tanytarsini 
Cladotany tarsus  spp.:  A3,  A5,  A6,  A7,  A 15, 

Bl,  B6",  B7,  C4,  C5,  C6,  C7,  D9,  Dl  1 
Neozavrelia  spp.:  A6 

Paratany tarsus  spp.:  C2,  C6,  C8,  D9,  D10 
Rheotanytarsus  spp.:  Al,  A6,  A8,  A 14,  B5, 

B6,  B7,  C6,  C7 
Stempellinella  spp.:  A4,  A7,  B5,  B7,  C6,  Dl  1, 

D12 
Subletta  spp.:  C6 
Subletta  cojfmani  (Roback):  A8 
Tanytarsus  spp.:  Al,  A2,  A3,  A4,  A5.  A6, 

A7,  A13,  A14,  A17,  Bl,  B2,  B5.  B7,  CI, 

C4,  C6,  C7,  C8,  CIO,  D9,  D10,  Dl  1,  D12. 

D13 


Subfamily  Tanypodinae 
Tribe  Procladiini 

Procladius  spp.:  A 12,  B2,  B5.  C7,  C9.  D10 
Tribe  Pentanuerini 
Ablabesmyia  spp.:  A12 
Ablabesmyia  janta  (Roback):  A3 
Ablabesmyia  mallochi  (Walleyj:  B2,  B5.  B6. 

C6,  Dl 
Labrundinia  pilosella  (Loewj:  A3.  A6.  A9. 

A12,  C3,  C4,  C7 
Paramerina  spp.:  A2,  A4,  D12 
Pentaneura  spp.:  C7 
Telopelopia  spp.:  A15 
Theinenmannimyia  group:  A2,  A5.  A6.  A  12. 

A13,  A14,  A15,  A17,  B2,  B5.  B6.  B7.  C5. 

C6,  C7,  C9,  D2,  D6,  D7,  D8,  D9.  D 1  1 .  D 1  2. 

D13 
Zavrelimyia  spp.:  D8 

Tribe  Tanypodini 
Tanypus  neopunctipennis  Sublette:  B2 
Family  Athericidae 

Atherix  spp.:  A9 
Family  Ceratopogonidae 

Bezzia-Palpomyia  group:  D9 

Ceratopogon  spp.:  B5 

Dasyhela  spp.:  D9 

Family  Culicidae 
Anopheles  punctipennis  (Say):  B2.  C4.  C7 
Culex  spp.:  CI 

Family  Dixidae 

Dixella  spp.:  C3,  C4,  D7.  Dl  1 
Family  Empididae 

Hemerodromia  spp.:  Al.  A4.  A5.  A6.  A7.  A8. 
A16,  B5,  B7,  C7 

Family  Simuliidae 
Simulium  spp.:  A3,  A6.  A 15.  D10 
Simidium  jenningsi  Malloch:  Al.  A3.  A  13.  B~. 

C6 
Simulium  tuberosum  complex:  A4.  A  15. 

Bl,  C4 
Simulium  venustum  complex:  D6 
Simulium  vittatum  Zetterstedt:  A3.  A4.  A5.  A6. 

A7.  A8,  A 14.  A 15.  B7.  C8,  CIO.  PI  1 

Family  Stratiomyidae 

Nemotelus  spp.:  D13 
Family  Syrphidae 

Helophilus  spp.:  D12 
Family  Tabanidae 

Chrysops  spp.:  A2.  A5.  A7,  AS.  A15.  B5,  CI. 
C3,  C4.  C5,  CIO.  D7,  D12 

Tabanus  spp.:  B7,  CO.  D5.  012 
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Table  3. — Continued. 


Family  Tipulidae 
Antocha  spp.:  C7,  D10 
Dicranota  spp.:  D5 
Erioptera  spp.:  A7,  A17 
Hexatoma  spp.:  A12,  C4,  C5,  C7,  CIO,  D2,  D5, 

D12 
Pilaria  spp.:  CIO 
Pseudolimnophila  spp.:  B2,  D7 
Tipula  spp.:  A4.  A 10,  A 17,  B7,  CI,  C7,  C8,  C9, 

CIO,  Dl,  D2,  D3.  D6,  D7,  D8,  D9,  D10,  Dl  1, 

D12.  D13 


tershed  was  29.  Among  the  individual  sub- 
watersheds,  the  greatest  average  number  of 
taxa  (31)  was  in  the  LWR  sub-watershed 
while  the  smallest  average  number  of  taxa 
(27)  was  in  the  EFWR  sub-watershed.  The  av- 
erage number  of  taxa  at  sites  in  the  UWR  and 
WFWR  sub-watersheds  was  29. 

Rank  abundance  by  site  occurrence. — 
Table  2  presents  the  30  most  abundant  taxa  by 
site  occurrence.  The  most  commonly  encoun- 
tered taxon,  the  Trichoptera  genus  Cheuma- 


Table  4. — Comparison  of  number  of  families, 
genera  and  species  of  Ephemeroptera,  Odonata,  Ple- 
coptera  and  Trichoptera  collected  from  the  Wabash 
River  watershed  during  the  present  study  to  those 
currently  known  from  Indiana  (Hellenthal  et  al. 
2003). 

Families  Genera    Species 


Ephemeroptera 
Hellenthal  et  al.  (2003) 
Wabash  (present  study) 
%  representation 

Odonata 
Hellenthal  et  al.  (2003) 
Wabash  (present  study) 
%  representation 

Plecoptera 
Hellenthal  et  al.  (2003) 
Wabash  (present  study) 
%  representation 

Trichoptera 
Hellenthal  et  al.  (2003) 
Wabash  (present  study) 
%  representation 


16 

10 

63% 

10 

7 
70% 


4 

50% 

16 

9 

56% 


50 

18 

36% 

47 
21 

45% 

29 
6 

21% 

58 
14 

24% 


143 

18 

13% 

154 
26 

17% 

71 

6 

9% 

194 

21 

11% 


Upper  Wabash  Sites 
Lower  Wabash  Sites 
West  Fork  White  Sites 
East  Fork  White  Sites 
Major  Rivers  and  Streams 


Figure  1. — Map  of  the  Wabash  River  Watershed 
in  Indiana,  showing  collection  sites  sampled  in 
2004. 


topsyche  spp.,  occurred  at  72%  of  all  sites  (Ta- 
ble 2).  Although  Hellenthal  et  al.  (2003) 
reported  1 1  Cheumatopsyche  species  for  In- 
diana, the  larvae  of  this  genus  currently  can- 
not be  identified  to  species  level.  Sampling 
and  identification  of  adult  material  using  lar- 
val-rearing, emergence  traps,  black-lights  or 
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Figure  2. — Numerical  classification  analysis 
comparison  of  top  30  rank  occurring  aquatic  insects 
by  sub-watershed  using  Euclidean  distance  similar- 
ities. UWR  =  upper  White  River  sub-watershed, 
LWR  =  lower  White  River  sub-watershed,  WFWR 
=  West  Fork  White  River  sub-watershed,  EFWR  = 
East  Fork  White  River  sub-watershed. 
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other  such  collection  methods  may  be  useful 
for  providing  species  occurrence  data  for 
problem  insect  genera. 

Numerical  classification  analysis. — Nu- 
merical classification  analysis  of  the  percent- 
age of  occurrence  of  the  30  most  common 
taxa  (Table  2)  from  the  four  sub-watersheds  is 
presented  in  Fig.  2.  This  dendogram  shows 
that  sites  in  the  UWR  sub-watershed  are  most 
compositionally  similar  to  sites  within  the 
WFWR.  These  two  sub-watersheds  are  then 
most  similar  to  sites  in  the  LWR  sub-water- 
shed. The  internodal  distance  between  the 
EFWR  and  the  other  sub-watersheds  is  reflect- 
ed by  a  relative  difference  of  40%  (Fig.  2) 
indicating  that  this  sub-watershed  is  signifi- 
cantly different  in  composition  and  structure. 
Sobat  et  al.  (2006)  reported  that  the  Wabash 
River  (including  both  UWR  and  LWR  sub- 
watersheds),  the  WFWR,  and  the  EFWR  fish 
communities,  based  on  analysis  of  Index  of 
Biotic  Integrity  (IBI)  scores,  have  been  as- 
sessed in  the  good-to-excellent  condition  at 
14%,  17%  and  33%,  respectively.  This  nu- 
merical pattern  of  aquatic  insect  and  fish  com- 
munity data  suggested  that  the  EFWR  sub-wa- 
tershed was  of  a  higher  environmental  quality 
than  the  other  sub-watersheds  within  the  Wa- 
bash River  watershed. 
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PRESENT  AND  HISTORIC  DISTRIBUTION  OF  FISHES 

IN  SOUTH  FORK  WILDCAT  CREEK,  TIPPECANOE, 

CLINTON  AND  TIPTON  COUNTIES,  INDIANA 

Alison  K.  Stephan,  Charles  C.  Morris,  Stacey  L.  Sobat  and  Kevin  J.  Crane: 

Biological  Studies  Section,  Indiana  Department  of  Environmental  Management. 
100  North  Senate  Avenue,  Indianapolis,  Indiana  46204  USA 

Thomas  P.  Simon:     Aquatic  Research  Center,  Indiana  Biological  Survey,  6440  South 
Fairfax  Road,  Bloomington,  Indiana  47401  USA 

ABSTRACT.  The  fish  fauna  of  the  South  Fork  Wildcat  Creek  watershed,  Tippecanoe,  Clinton,  and 
Tipton  counties,  was  studied  at  88  sites  to  evaluate  species  diversity  and  the  historical  and  present  distri- 
bution of  fish  assemblages.  In  2004,  we  used  a  targeted  watershed  survey  design  (/?  =  80)  to  spatially 
increase  extrapolated  data  coverage  produced  by  a  random  probability  sampling  of  the  Wabash  River 
drainage.  Few  historic  collections  have  been  made  in  the  watershed,  with  only  three  sites  collected  prior 
to  1950,  seven  sites  from  a  survey  of  Tippecanoe  County  in  1994,  and  an  additional  1 1  sites  from 
monitoring  activities  between  1995  and  2003.  In  all,  73  species  have  been  collected  from  the  South  Fork 
Wildcat  Creek  watershed,  with  only  21  species  recorded  from  all  sampling  events.  Dominant  species 
include  Semotilus  atromaculatus,  Campostoma  anomalum,  and  Pimephales  notatus.  Etheostoma  camurum 
and  Luxilus  cornutus  have  not  been  collected  since  the  1945  surveys.  However,  the  absence  of  Luxilus 
cornutus  is  likely  a  result  of  taxonomic  changes  that  resulted  in  Luxilus  cornutus  and  Luxilus  chrysoce- 
phalus  being  recognized  as  separate  species.  Six  species  (Ichthyomyzon  unicuspis,  Lepisosteus  osseus. 
Notropis  volucellus,  Notropis  wickliffi,  Pylodictis  olivaris,  and  Lepomis  microlophus)  have  not  been  col- 
lected since  1994.  In  2004,  an  additional  12  species  {Campostoma  oligolepis,  Nocomis  biguttatus,  Xote- 
migonus  crysoleucus,  Phoxinus  erythrogaster,  Carpiodes  velifer,  Carpiodes  carpio,  Ictalurus  punctatus, 
Noturus  gyrinus,  Gambusia  affinis,  Lepomis  gulosus,  Poxomis  nigromaculatus,  and  Aplodinotus  grunniens) 
were  the  first  verified  records  for  the  watershed. 

Keywords:     Wabash  River  drainage,  watershed  condition,  fish  assemblage 


The  Clean  Water  Act  mandates  state  water  Creek  watershed  exist  prior  to  1940.  The  ich- 
quality  agencies  to  restore  and  protect  the  sur-  thyofauna  of  this  watershed  was  first  exam- 
face  waters  of  the  nation.  Incumbent  upon  ined  by  Gerking  (1945).  who  collected  fish 
meeting  this  goal  is  to  have  basic  information  from  412  sites  across  Indiana  (three  from  the 
on  watersheds  of  Indiana  and  other  states.  South  Fork  Wildcat  Creek  watershed)  between 
Few  studies  have  targeted  entire  watersheds  1940  and  1943.  and  compiled  all  other  histor- 
(Carney  et  al.  1998;  Simon  et  al.  2005),  with  ical  records  known  at  the  time.  Fisher  et  al. 
most  intensive  studies  focusing  on  county  lev-  (1998)  compiled  species  lists  from  seven  sites 
el  investigations  such  as  that  of  Fisher  et  al.  in  the  South  Fork  Wildcat  Creek  watershed 
(1998)  for  Tippecanoe  County.  The  need  to  during  sampling  in  1994.  During  1995.  the 
restore  and  protect  the  Wabash  River  begins  U.S.  Environmental  Protection  Agenc\  ran- 
in  the  tributary  streams.  The  South  Fork  Wild-  domly  selected  sites  in  an  intensive  survej  of 
cat  Creek  has  been  designated  by  the  State  of  the  Eastern  Corn  Belt  Plain.  This  resulted  in 
Indiana  as  an  Outstanding  State  Resource  Wa-  six  sites  being  sampled  in  the  South  Fork  of 
ter;  however.  Outstanding  State  status  is  not  the  Wildcat  Creek  watershed.  The  Indiana  De- 
based on  biological  assemblages.  As  water-  partment  of  Environmental  Management 
sheds  change  due  to  anthropogenic  input,  (IDEM)  sampled  five  sites  between  1998  and 
knowledge  of  the  aquatic  assemblage  is  im-  2003  as  part  of  the  stratified  random  sampling 
perative  for  trend  assessment.  design  for  Indiana  watersheds  (IDEM    1998. 

No    surveys    of   the    South    Fork    Wildcat  2001).    In   all.    21    collections   were   recorded 
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Figure  1. — Distribution  of  sites  in  the  South  Fork  Wildcat  Creek  watershed  from  1945  to  2004  (Gerking 
1945;  Fisher  et  al.  1998).  Numbers  refer  to  site  location  in  Table  1. 


from  the  South  Fork  Wildcat  Creek  watershed 
from  1940  to  2003  (Table  1). 

In  order  to  further  our  knowledge  of  pro- 
tected and  high  quality  waterbodies  in  Indi- 
ana, the  current  study  is  an  intensive  survey 
of  the  South  Fork  Wildcat  Creek  watershed  (n 
=  80)  (Table  1 ).  This  study  was  conducted  by 
IDEM  in  August  2004.  The  objective  of  this 
study  was  to  determine  the  current  composi- 
tion and  distribution  of  fish  assemblages  in- 
habiting the  waters  of  the  South  Fork  Wildcat 
Creek  watershed  and  compare  the  fish  assem- 
blages with  that  found  during  past  surveys. 

METHODS 

Study  area. — The  South  Fork  Wildcat 
Creek  watershed  drains  approximately  637 
km2  of  southeastern  Tippecanoe,  central  Clin- 
ton and  northwestern  Tipton  counties  (Fig.  1 ). 
The  watershed  drains  from  east  to  west,  en- 
tering the  Wildcat  Creek  system  near  West  La- 
fayette. The  watershed  is  located  in  the  East- 
ern Corn  Belt  Plain  ecoregion  (Omernik  & 
Gallant  1988),  with  agriculture  being  the  pri- 
mary landuse  (80r/r)  (Choi  &  Engel  2003). 
The    watershed    supports    a    wide    range    of 


stream  conditions,  from  portions  of  the  main- 
stem  designated  as  State  Outstanding  Re- 
source Waters  to  agricultural  drainage  ditches 
in  the  headwaters.  This  wide  range  of  ecolog- 
ical conditions  provides  diverse  habitat  set- 
tings for  fish  assemblages. 

Study  design. — Sampling  in  the  South 
Fork  Wildcat  Creek  watershed  utilized  a  com- 
bination of  approaches  based  on  both  random 
and  targeted  sampling  designs.  Gerking 
(1945)  targeted  locations  across  the  state  in 
order  to  document,  as  fully  as  possible,  the 
distribution  of  species  found.  Fisher  et  al. 
(1998)  targeted  sites  within  the  geopolitical 
boundaries  of  Tippecanoe  County  with  the  in- 
tention of  documenting  the  site  specific  fish 
assemblage  data  for  future  comparisons.  From 
1995-2003  a  random  sampling  design  was 
used  that  equally  weighted  streams  in  the  Wa- 
bash River  drainage.  Sites  from  1995  were 
part  of  a  Regional  Environmental  Monitoring 
and  Assessment  Program  (REMAP)  for  the 
Eastern  Corn  Belt  Plain  designed  by  the  U.S. 
Environmental  Protection  Agency  (EPA). 
Sites  from  1998-2003  were  compiled  to  pro- 
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vide  an  assessment  of  stream  water  quality  for 
state  reporting  requirements.  Sites  for  the  ran- 
dom sampling  designs  were  selected  using 
Environmental  Monitoring  and  Assessment 
Program  (EMAP)  selection  methods,  which 
equally  weight  all  stream  segments  to  assess 
and  characterize  overall  water  quality  and  bi- 
otic  integrity  of  the  watershed.  Sampling  in- 
cluded all  rivers,  streams,  canals,  and  ditches 
within  the  Wabash  River  drainage,  including 
the  entire  South  Fork  Wildcat  Creek  water- 
shed, as  indexed  in  the  EPA  River  Reach  File 
3.  Intensive  sampling  done  in  2004  used  a  tar- 
geted design  to  evaluate  stream  water  quality 
and  biological  condition  of  the  South  Fork 
Wildcat  Creek  watershed.  This  targeted  ap- 
proach was  spatially  intensive,  maintaining 
evenness  across  the  watershed  providing  a 
comprehensive  inventory  of  fish  assemblages. 

Five  study  periods  are  summarized,  includ- 
ing the  baseline  study  of  Gerking  (1945)  con- 
ducted from  1940—1943;  collections  made  by 
Fisher  et  al.  (1998)  in  1994;  two  probability 
sampling  events,  one  in  1995  (REMAP)  and 
the  second  from  1998-2003  (IDEM  probabil- 
ity sampling);  and  the  intensive  watershed 
study  during  2004.  Data  reported  in  this  study 
are  based  on  vouchered  fish  specimens  depos- 
ited at  the  Aquatic  Research  Center,  Indiana 
Biological  Survey,  Bloomington,  Indiana  and 
at  the  Museum  of  Biodiversity,  Ohio  State 
University,  Columbus,  Ohio. 

Field  collections. — Fish  assemblages  were 
assessed  from  daytime  inventories  using  a  va- 
riety of  equipment.  Gerking  (1945)  primarily 
used  ^-inch  mesh  seines  of  lengths  from  8- 
40  feet  (2.5-12  m)  and  gill  nets  at  selected 
sites.  Collections  made  post-Gerking  (1945) 
used  seines  and  varying  types  of  electron  sh- 
ing  gear.  Small  streams  (<  3.3  m  wetted 
width)  were  sampled  using  seines  or  a  back- 
pack or  long-line  unit,  and  wadeable  streams 
(>  3.3  m  wetted  width)  were  sampled  using 
a  long-line  or  tote-barge  electrofishing  unit. 
Sampling  from  1994-2004  was  conducted  in 
all  representative  habitats  along  a  linear  reach 
of  stream  based  on  15  times  the  wetted  width 
with  minimum  distances  of  50  m  and  maxi- 
mum distances  of  500  m.  All  fish  encountered 
were  netted  and  placed  into  a  live-well  until 
completion  of  the  sample  zone.  Individual  fish 
were  identified  to  species,  counted,  batch 
weighed  by  species,  and  minimum  and  max- 
imum length  recorded.   All   individuals  were 


inspected  for  deformities,  eroded  fins,  lesions, 
and  tumor  (DELT)  anomalies.  Fish  were  iden- 
tified using  regional  identification  manuals 
(Gerking  1955;  Smith  1973:  Trainman  L981). 

Calculations  of  biological  integrity. — The 
Index  of  Biotic  Integrity  (IBI)  was  used  to  cal- 
culate the  results  of  the  fish  assemblage  data 
to  assess  the  stream  for  its  abilit)  to  support 
aquatic  life  (Simon  1992;  Simon  &  Dufour 
1998;  Simon  &  Stahl  1998;  Simon  2006b). 
The  IBI  is  composed  of  12  metrics  that  assess 
the  community's  species  arid  trophic  compo- 
sition (feeding  and  reproductive  guilds)  and 
fish  condition  and  health.  The  total  IBI  score, 
integrity  class  and  attributes  help  define  fish 
community  characteristics.  The  Indiana  IBI 
ranks  stream  quality  along  a  condition  gradi- 
ent with  scores  ranging  from  12  to  60.  Scores 
of  60  represent  streams  of  the  highest  biolog- 
ical integrity,  while  scores  of  12  represent 
highly  degraded  stream  systems. 

Indiana  narrative  biological  criteria  [327 
IAC  2-1-3(2)]  states  that  "all  waters,  except 
those  designated  as  limited  use.  will  be  ca- 
pable of  supporting  a  well-balanced,  w  arm 
water  aquatic  community**  (IDEM  2006a). 
The  water  quality  standard  definition  of  a 
"well-balanced  aquatic  community"  is  "an 
aquatic  community,  which  is  diverse  in  spe- 
cies composition,  contains  several  different 
trophic  levels,  and  is  not  composed  mainl\  of 
strictly  pollution  tolerant  species"  [327  IAC 
2-1-9(60)]  (IDEM  2006a).  A  stream  segment 
is  non-supporting  for  aquatic  life  use  when  the 
monitored  fish  community  receives  an  IBI 
score  of  less  than  36.  which  is  considered  poor 
or  very  poor  (IDEM  2006b). 

RESULTS  AND  DISCISSION 

Fish  assemblages. — Based  on  a  combina- 
tion of  all  survey  data.  72  species  have  been 
collected  from  the  South  Fork  Wildcat  Creek 
watershed  between  1940  and  2004  (Table  2). 
This  number  of  species  represents  3695  ot"  the 
entire  fish  fauna  oi  Indiana  (Simon  et  al. 
2002).  The  ichthyofauna  of  the  watershed  was 
summarized  by  Gerking  (1945)  based  on  his 
collections  and  compiled  historical  records 
prior  to  1945.  No  records  existed  tor  the  South 
Fork  Wildcat  Creek  watershed  prior  to  1940, 
and  only  three  o\  Gcrking's  412  sites  were 
located  in  the  watershed.  Gerking  I  1  945 )  re- 
corded 35  species  from  these  three  sites.  Fish- 
er et  al.  ( 1998)  compiled  a  species  list  for  Tip- 
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Table  1. — Site  locations  sampled  in  the  South  Fork  Wildcat  Creek  watershed.  Site  numbers  correspond 
to  Table  2  and  are  shown  in  Figure  1.  Source  codes  are  as  follows:  a  Gerking  (1954),  b  Fisher  et  al. 
(1998),  c  REMAP  (1995),  d  IDEM  (1998-2003),  e  IDEM  Stressor  ID  (2004). 


Site 

No. 


Source 


County 


Locality 


Latitude 


Longitude 


1 

b 

Tippecanoe 

2 

c 

Tippecanoe 

3 

b.  e 

Tippecanoe 

4 

d,  e 

Tippecanoe 

5 

e 

Tippecanoe 

6 

e 

Tippecanoe 

7 

a,  b,  e 

Tippecanoe 

S 

a 

Tippecanoe 

9 

e 

Tippecanoe 

10 

b,  e 

Tippecanoe 

11 

b,  e 

Tippecanoe 

12 

e 

Tippecanoe 

13 

e 

Tippecanoe 

14 

b 

Tippecanoe 

15 

b,  e 

Tippecanoe 

16 

e 

Tippecanoe 

17 

e 

Tippecanoe 

18 

e 

Tippecanoe 

29 

e 

Tippecanoe 

20 

e 

Tippecanoe 

21 

e 

Tippecanoe 

22 

e 

Clinton 

23 

e 

Clinton 

24 

e 

Clinton 

25 

e 

Clinton 

26 

e 

Clinton 

27 

e 

Clinton 

28 

a,  e 

Clinton 

29 

e 

Clinton 

30 

e 

Clinton 

31 

d 

Clinton 

32 

e 

Clinton 

33 

e 

Clinton 

34 

e 

Clinton 

35 

e 

Clinton 

36 

e 

Clinton 

37 

c,  e 

Clinton 

38 

e 

Clinton 

39 

e 

Clinton 

40 

a 

Clinton 

41 

e 

Clinton 

42 

c,  e 

Clinton 

43 

e 

Clinton 

44 

e 

Clinton 

45 

e 

Clinton 

46 

e 

Clinton 

47 

e 

Clinton 

48 

e 

Clinton 

49 

e 

Clinton 

50 

e 

Clinton 

S  Fk  Wildcat  Creek  @  CR  100  N 

Lauramie  Creek  @  8  S  Rd 

S  Fk  Wildcat  Creek  @  SR  26  Near  Lafayette 

S  Fk  Wildcat  Creek  @  CR  5A  E 

Trib  of  S  Fk  Wildcat  Creek  @  CR  550  E 

Lauramie  Creek  @  CR  800  S 

S  Fk  Wildcat  Creek  @  CR  200  S 

Unnamed  Trib  @CR7E 

Lauramie  Creek  @  CR  9  S 

S  Fk  Wildcat  Creek  @  CR  500  S 

Lauramie  Creek  @  New  Castle  Rd 

Trib  of  S  Fk  Wildcat  Creek  @  CR  200  S 

Anderson  Ditch  @  CR  1000  S 

Lauramie  Creek  @  U.S.  52 

S  Fk  Wildcat  Creek  @  CR  900  E 

Trib  of  S  Fk  Wildcat  Creek  @  CR  900  E 

S  Fk  Wildcat  Creek  @  1000  E 

Lauramie  Creek  @  CR  1000/10  S 

Trib  of  S  Fk  Wildcat  Creek  @  CR  1000  E 

Trib  of  S  Fk  Wildcat  Creek  @  CR  700  S 

Trib  of  S  Fk  Wildcat  Creek  @  CR  350  S 

S  Fk  Wildcat  Creek  @  CR  950  W 

Trib  of  S  Fk  Wildcat  Creek  @  CR  250  N 

Trib  of  S  Fk  Wildcat  Creek  @  CR  250  N 

McClellan  Fickle  Ditch  @  CR  180  S 

Lauramie  Creek  @  CR  900  W 

S  Fk  Wildcat  Creek  @  CR  850  W 

S  Fk  Wildcat  Creek  @  Mulberry  Jefferson  Rd 

Lick  Run  @  Newcastle  Road 

Trib  of  S  Fk  Wildcat  Creek  @  Gasline  Rd 

S  Fk  Wildcat  Creek  @  W  Mulberry-Jefferson  Rd 

Lick  Run  @  CR  600  W 

Trib  of  S  Fk  Wildcat  Creek  @  CR  600  W 

Spring  Creek  @  CR  200  N 

S  Fk  Wildcat  Creek  @  CR  580  W 

Kilmore  Creek  @  CR  600  W  Near  Hamilton 

Heavilon  Ditch  @  CR  450  W 

Kilmore  Creek  @  CR  400  W 

S  Fk  Wildcat  Creek  @  CR  300  W 

Kilmore  Creek  @  2  mi.  S  Cambria 

Boyles  Ditch  @  CR  400  N 

S  Fk  Wildcat  Creek  @  CR  200  N 

Kilmore  Creek  @  CR  130  W 

Unnamed  Trib  @  CR  100  N 

Trib  of  Prairie  Creek  @  SR  38/39 

Prairie  Creek  @  CR  150  N 

Prairie  Creek  @  Clay  St 

S  Fk  Wildcat  Creek  @  CR  00  Rd 

Trib  of  Boyles  Ditch  @  CR  00  Rd 

Unnamed  Trib  @  CR  00  Rd 


40°  25.56' 

-86°  47.18 

40°  17.54' 

-86°  46.6' 

40°  25.5' 

-86°  46.5' 

40°  23.59' 

-86°  46.28 

40°  24. 1 ' 

-86°  45.57 

40°  18.5' 

-86°  45.50 

40°  23.19' 

-86°  45.46 

40°  23.41' 

-86°  44.49 

40°  17.7' 

-86°  44.46 

40°  20.37' 

-86°  44.43 

40°  19.8' 

-86°  44.34 

40°  23.19' 

-86°  44.3' 

40°  16.22' 

-86°  44.26 

40°  17.3' 

-86°  44.2' 

40°  19.11' 

-86°  43.59 

40°  22.3' 

-86°  43.58 

40°  19.37' 

-86°  43.5' 

40°  16.22' 

-86°  43.3' 

40°  21.34' 

-85°  43.24 

40°  18.57' 

-86°  42.9' 

40°  21.59' 

-86°  42.42 

40°  19.45' 

-86°  41.8' 

40°  19.18' 

-86°  41.31 

40°  19.23' 

-86°  40.9' 

40°  15.44' 

-86°  40.54 

40°  16.38' 

-86°  40.32 

40°  19.50' 

-86°  39.55 

40°  19.40' 

-86°  39.3' 

40°  17.13' 

-86°  38.6' 

40°  20.20' 

-86°  38.59 

40°  19.45' 

-86°  38.50 

40°  16.10' 

-86°  37.8' 

40°  19.0' 

-86°  37.6' 

40°  18.58' 

-86°  37.50 

40°  19.14' 

-86°  37.48 

40°  20.9' 

-86°  37.0' 

40°  17.31' 

-86°  35.24 

40°  20.32' 

-86°  34.50 

40°  19.26' 

-86°  33.45 

40°  20.10' 

-86°  33.11 

40°  20.37' 

-86°  33.11 

40°  18.54' 

-86°  32.37 

40°  20.12' 

-86°  31.55 

40°  18.2' 

-86°  30.9' 

40°  15.10' 

-86°  30.35 

40°  18.36' 

-86°  30.26 

40°  16.27' 

-86°  30.25 

40°  18.55' 

-86°  30.22 

40°  21.39' 

-86°  30.21 

40°  22.4' 

-86°  30.21 
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Table  1. — Continued. 


Site 

No. 


Source         County 


Locality 


Latitude 


Longitude 


51 

e 

Clinton 

52 

e 

Clinton 

53 

e 

Clinton 

54 

e 

Clinton 

55 

e 

Clinton 

56 

e 

Clinton 

57 

e 

Clinton 

58 

e 

Clinton 

59 

d 

Clinton 

60 

e 

Clinton 

61 

e 

Clinton 

62 

e 

Clinton 

63 

e 

Clinton 

64 

e 

Clinton 

65 

e 

Clinton 

66 

e 

Clinton 

67 

c 

Clinton 

68 

e 

Clinton 

69 

e 

Clinton 

70 

e 

Clinton 

71 

c,  e 

Clinton 

72 

e 

Clinton 

73 

d,  e 

Clinton 

74 

e 

Clinton 

75 

e 

Clinton 

76 

e 

Clinton 

77 

e 

Clinton 

78 

e 

Clinton 

79 

c,  e 

Clinton 

80 

e 

Clinton 

81 

e 

Clinton 

82 

e 

Clinton 

83 

e 

Clinton 

84 

e 

Tipton 

85 

e 

Tipton 

86 

e 

Tipton 

87 

e 

Tipton 

88 

e 

Tipton 

Prairie  Creek  @  Kyger  St 

Prairie  Creek  @  Kelley  Rd 

Trib  of  Prairie  Creek  @  Washington  Ave 

S  Fk  Wildcat  Creek  @  CR  1 30  E 

Mann  Ditch  @  CR  150  S 

Kilmore  Creek  @  CR  1 80  E 

Prairie  Creek  @  CR  1 80  E 

S  Fk  Wildcat  Creek  @  CR  300  E 

Unnamed  Trib  @  CR  250  N 

Trib  of  S  Fk  Wildcat  Creek  @  CR  250  N 

Trib  of  S  Fk  Wildcat  Creek  @  Michigantown  Rd 

S  Fk  Wildcat  Creek  @  CR  400  E 

Kilmore  Creek  @  CR  400  E 

Talbert  Ditch  @  CR  500  E 

S  Fk  Wildcat  Creek  @  CR  300  N 

Walker  Ditch  @  SR  29 

S  Fk  Wildcat  Creek  @  Michigantown  Rd 

Kilmore  Creek  @  SR  29 

Jenkins  Ditch  @  SR  29 

S  Fk  Wildcat  Creek  @  CR  200  N 

S  Fk  Wildcat  Creek  @  CR  730  E 

S  Fk  Wildcat  Creek  @  CR  830  E 

Kilmore  Creek  @  CR  500  N 

Cripe  Ditch  @  Western  Walker  Rd 

Davis  Ditch  @  CR  400  N 

Kilmore  Creek  @  CR  900  E 

Kilmore  Creek  @  CR  1000  E 

Stump  Creek  @  CR  1000  E 

Swamp  Creek  @  CR  1 100  E 

Kilmore  Creek  @  CR  750  W 

Trib  of  Swamp  Creek  @  CR  1250  E 

Swamp  Creek  @  CR  1350  E 

Paris  Ditch  @  CR  1350  E 

Lydy  Fillenworth  Ditch  @  CR  600  W 

Shanty  Creek  @  CR  600  W 

Mott  Ditch  @  CR  600  W 

Shanty  Creek  @  CR  500  W 

Collier  Ditch  @  CR  1100  W 


40 

17.24' 

-86' 

30.18' 

40- 

15.52' 

-86° 

30.10' 

40 

17.3' 

-86- 

29.57' 

40 

19.8' 

-86' 

28.57' 

40° 

15.52' 

-86° 

28.53' 

40 

20.43' 

-86'' 

28.23' 

40 

14.27' 

-86'' 

28.21' 

40 

19.31' 

-86'' 

26.60' 

40° 

19.25' 

-86'' 

26.55' 

40° 

19.21' 

-86'' 

26.52' 

40° 

18.28' 

-86'' 

26.37' 

40 

19.46' 

-86'' 

25.51' 

40° 

20.47' 

-86'- 

25.51' 

40° 

17.30' 

-86'- 

24.48' 

40° 

19.48' 

-86° 

24.31' 

40- 

17.24' 

-86° 

23.40' 

40 

19.19' 

-86'- 

23.39' 

40° 

21.20' 

-86'- 

23.35' 

40° 

20.12' 

-86; 

23.35' 

40 

18.57' 

-86; 

22.39' 

40° 

18.19' 

-86s 

-)->-)-»' 

40° 

18.33' 

-86c 

21.5' 

40° 

21.34' 

-86: 

21.22' 

40° 

17.13' 

-86= 

20.60' 

40 

20.41' 

-86c 

20.60' 

40 

20.55' 

-86~" 

20.15' 

40 

21.44' 

-86c 

19.7' 

40° 

21.56' 

-86c 

19.7' 

40° 

19.36' 

-86c 

17.58' 

40 

21.12' 

-86; 

16.16' 

40° 

18.50' 

-86c 

16.16' 

40 

19.18' 

-86; 

15.8' 

40° 

18.27' 

-86c 

15.8' 

40° 

21.9' 

-86c 

14.1  1 

40° 

21.32' 

-86: 

14.44' 

40 

19.7' 

-86- 

13.52 

40° 

21.25' 

-86° 

13.19' 

40 

21.39' 

-86" 

13.19 

pecanoe  County  that  incorporated  data  from 
seven  sites  in  the  South  Fork  Wildcat  Creek 
watershed.  Collections  made  between  June 
and  December  1994  recorded  47  species.  In 
1995,  REMAP  recorded  38  species  from  six 
sites.  Forty-four  species  were  recorded  from 
five  locations  in  the  watershed  through  IDEM 
sampling  efforts  between  1998  and  2003.  In 
2004,  IDEM  conducted  the  most  intensive 
survey  of  the  South  Fork  Wildcat  Creek  wa- 
tershed and  collected  65  species  from  80  sites. 
Combination  of  records  from  sampling  pe- 
riods from  1995-2004  show  that  the  dominant 


species  by  number  included  creek  chub  (Sc- 
motilus  atromaculatus)  (19%),  central  stone- 
roller  (Campostoma  anomalum)  (14%),  and 
bluntnose  minnow  (Pimephales  notatus)  (9rr) 
(Table  3). 

Fish  assemblages  during  1942-1945. — 
Gerking  (1945)  documented  35  species  from 
three  sites  in  the  South  Fork  Wildcat  Creek 
watershed  (Table  2).  Sampling  sites  were  not 
chosen  to  represent  the  highest  quality  streams 
in  the  watershed,  but  were  representative  of 
the  prevailing  conditions  at  the  time.  Gerking 
(1945)  reported  common  shiner  [Luxilus  cor- 
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Table  2. — List  of  fish  species  collected  from  the  South  Fork  Wildcat  Creek  watershed.  Numbers  indicate 
the  sites  at  which  each  species  has  been  collected  based  on  information  in  Table  1  and  Figure  1.*  This 
species  was  identified  as  Lucxilus  cornutus  chrysocepkalus,  and  is  now  recognized  as  a  valid  species, 
Luxilus  chrysocepkalus. 


Species 


Gerking 
(1945) 


Fisher  et  al. 
(1994) 


REMAP 

(1995) 


IDEM 

(1998-2003) 


IDEM  Stressor  ID 
(2004) 


Petromyzontidae 

Ichthyomyzon  unicuspis 
Lepisosteidae 

Lepisosteus  osseus 
Clupidae 

Dorosoma  cepedianum 


Cyprinidae 
Campostoma  anomalum 


Campostoma  oligolepis 


Cyprinella  spiloptera 


Cyprinella  whipplei 
Cyprinus  carpio 


Ericymba  buccata 


Hybognathus  nuchal  is 
Hy  hops  is  amblops 


Luxilus  chrysocepkalus 


Luxilus  ( ornutuv* 


7,  28 


7,  21 


7 
7,  28 


3,  10 


10 


3,  7 


1,  3,  7,  10, 
11,  14,  15 


3,  7,  10, 
11,  15 


1,  3,  7 
3,  7,  10 


7,  28,  40      1 


3  ,10,  1 1 

14 


1.  3,  7.  10. 


7.   10,   1  1 
12,   15 


7,  37 


73 


2,37,42,  4,31,59, 

67,  71,  79         73 


37,  67,  79 


»   79 


37,  67, 
71 


L  37 


37.  42, 
67.  71.  79 


4,  31,  73 


73 
31,  73 


73 


4 

4,  31,  73 


3,  7,  10,  22,  27, 
28,  39,  56,  63, 
68,  76 


3-6,  9-11,  16,  17, 
20,  22-24,  28- 
30,  32-34,  36- 
39,  41-44,  48, 
51-58,  60-62, 
65,  68-73,  75, 
80 

13,  18,  26,  35, 
45-47,  76-79, 
85 

3,  4,  7,  9,  10,  15, 
17,  22,  27,  28, 
33-36,  39,  42, 
43,  46,  48,  54, 

56,  58,  62,  63, 
65,  68,  73,  76, 
79,  80,  85,  87 

3,  10,  35 

3,  9,  10,  15,  22, 
26,  35,  39,  45, 
47,  48,  56,  58, 
63,  68,  73,  76 

4,  1,  16,  18,  33- 
36,  38,  39,  43, 
46,  48,  52,  54- 

57,  62,  70,  73, 
76 

4 

3,  4,  6,  22,  28, 
33-36,  39,  42, 
43,  46,  48,  54, 
56,  63,  68,  73 

6,  9,  18,  34,  42, 
46-48,  51,  52, 
55,  58,  62,  68, 
79 


7.  28,  40 
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Table  2. — Continued. 


Gerking 

Fisher  et  al., 

REMAP 

IDEM 

IDEM  Stressor  ID 

Species 

(1945) 

(1994) 

(1995) 

(1998- 

-2003) 

(2004) 

Lythrurus  umbratilis 

7,  28 

3,  10,  11, 
12,  15 

67,  79 

59,  73 

4,  26.  32.  39.  42. 
46,  48.  52.  54. 
56,  68.  73.  80. 
81.  87 

Nocomis  biguttatus 

37 

Nocomis  micropogon 

7 

1,  3,  7,  10, 
11,  15 

2 

4,  31 

4.  10.  33.  35 

Notemigonus  crysoleucus 

26.  32.  37 

Notropis  rubellus 

7,  28 

7,  10,  11 

31 

10.  11.  28.  33-36. 
43 

Notropis  stramineus 

7 

1,  3,  7,  10, 
11,  15 

2,  37,  67, 
71 

4,  31, 

73 

3,  4.  6.  9.  33.  35. 
36.  38.  39.  42. 
43.  46.  48.  51. 
54,  56.  58.  62. 
65.  68.  73.  76. 
80 

Notropis  volucellus 

7,  28 

1 

Notropis  wickliffi 

1 

Phenacobius  mirabilis 

7 

1,  3 

35 

Phoxinus  erythrogaster 

4.  13.  16.  19.  20. 

23.  24.  30.  45. 
57 

Pimephales  not  at  us 

7,  28,  40 

1,  3,  7,  10, 

2,  37, 

42, 

4,  8, 

31,  59. 

3.  4.  6.  9.  10.  13. 

11,  14,  15 

67, 

71,  79 

73 

15-18.  22.  23. 
26-30.  32-34. 
36-39.  42-48. 
51.  52.  54-58. 
60-65.  68.  70- 
76.  79.  80.  83- 
85.  87 

Pimephales  promelas 

15 

33.  43.  57 

Rhinichthys  obtusus 

3,  11,  14 

8,  59 

4.  6.  9.  13.   16. 
18-20.  23.  24. 
29.  30.  32-35. 
37.  41.  42.  45. 
46.  51-55.  57, 
58.  60-02.  64, 
65.  69-72,  75, 
81.  82 

Semotilus  atromaculatus 

7 

3,  10,  11, 

2.  37. 

42. 

8.  59. 

73 

4-6.  9.  1  1-13.  10 

14 

67. 

71.  79 

18-20.  23-20. 
29,  30.  32-39, 

41-58.  00-05. 

08-81.  83-85. 

Esocidae 
Eso.x  americamis 


28 


38.  43.  56,  8 
8  3    85 
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Table  2. — Continued. 


Gerking 

Fisher  et  al.. 

REMAP 

IDEM 

IDEM  Stressor  ID 

Species                       (1945) 

(1994) 

(1995) 

(1998 

-2003) 

(2004) 

Catostomidae 

Carpiodes  carpio 

7,  39 

Carpiodes  cyprinus 

79 

73 

7,  10,  15,  22,  27, 
28 

Carpiodes  ve lifer 

10,  15,  17 

Catostomus  commersonii    28 

7,  11,  14, 

2,  37,  67, 

59,  72 

4,  6,  9-11,  13, 

15 

71,  79 

16-18,  20,  22- 
24,  26,  29,  32- 
39,  42,  43,  46- 
48,  51-58,  60- 
63,  65,  68-76, 
79-81,  83 

Erimyzon  oblongus              40 

79 

73 

30,  62,  63,  68,  70, 

72,  77,  79-84, 
87 

Hypentelium  nigricans        1 

1,  3,  7,  10, 

2,  37,  42, 

4,  31, 

73 

3-7,  9-11,  15,  17, 

11,  14,  15 

67,  71,  79 

22,  27,  28,  33- 
36,  38,  39,  42, 
43,  46,  48,  51, 
54,  56,  58,  62, 
63,  65,  68,  70, 
73,  76 

Minytrema  melanops 

67 

73 

15,  35,  39,  46,  48, 
54,  56,  58,  62, 
63,  65,  68,  73, 
79,  80,  85 

Moxo stoma  anisurum           7 

3,  10,  15 

4 

3,  4,  7,  15,  17,  22, 
27,  35,  39 

Moxostoma  duquesnei 

1,  3,  7,  10, 
15 

37 

4,  31, 

73 

3,  4,  7,  10,  15,  17, 
22,  27,  28,  33, 
35,  36,  38,  39, 
42,  43,  48,  56, 
58,  63,  68,  76, 
79 

Moxostoma  erythrurum       7,  28 

3,  15 

37,  67 

4,  31, 

73 

3,  4,  7,  9,  10,  15, 
17,  22,  27,  28, 
33,  35,  36,  38, 
39,  43,  48,  54, 
56,  58,  63,  65, 
68,  73,  76 

Moxostoma  macrolepidotum 

1,  7 

31 

1,  7,  15,  28 

Ictaluridae 

Ameiurus  melas 

3 

79 

26,  57,  81,  83,  85 

Ameiurus  natalis 

3,  11,  14 

42,  67,  79 

73 

9,  10,  26,  37,  38, 
43,  44,  46-48, 
51,  52,  56,  62- 
65,  68,  70,  72, 
73,  76,  77,  79, 
80,  83,  85-87 
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Table  2. — Continued. 


Species 


Gerking       Fisher  et  al., 
(1945)  (1994) 


REMAP  IDEM  IDEM  Stressor  ID 

(1995)  (1998-2003)  (2004) 


Ameiurus  nebulosus 

Ictalurus  punctatus 

Noturus  flavus 

7 

3 

Noturus  gyrinus 

Noturus  miurus 

7 

10 

Pylodictis  olivaris 

1 

undulidae 

Fundulus  notatus 

Poeciliidae 

Gambusia  affinis 
Centrarchidae 

Ambloplites  rupestris 


Lepomis  cyanellus 


Lepomis  gulosus 
Lepomis  humilis 
Lepomis  macrochirus 


Lepomis  megalotis 


7,  21 


28 


28 


28,  40 


1,  3,  7,  10, 
11 


3,  7,  10 


».,  42 


37 


79 


3,  7,  10,  11       2,  37,  67 


37,  79 


73 


4,  31 


37,  42,  67,        8,  59,  73 
71,  79 


31,  73 

4.  73 


1,  3,  7,  10,        2,  37.  42,  4,  31,  i: 

11,  14,  15  67,  71.  79 


56.  65 

3.  7.  35 
39.  43 
80.  85 

4.  10.  43.  56 


64.  70,  76-78.  80. 
82.  84.  85 


64 

4.  7.  9-1 
18.  22. 
33.  35. 
42.  43. 
51.  52. 
58.  62. 
72.  79 

3.  4.  9-i: 

24.  26- 
34-39. 
51.  53. 
61-63. 
70-73. 
27 


.  15.  17. 
27.  28. 
36.  38. 
46-48. 
54.  56. 
65.  71. 

!.  17.  IS. 
29.  32. 
43-49. 
55-57. 
65.  68. 
75-88 


22.  28.  7. 

^    7 

>,  S3 

3 

4. 

7.  9 

10 

.   15. 

2  j 

~)  2 

27, 

2S. 

i  i  - 

-39. 

42. 

48, 

54. 

55 

02. 

63. 

68, 

70. 

-  ; 

76- 

so. 

85, 

s" 

3 

4. 

b.  7 

0. 

10. 

12. 

15. 

17, 

2  2 . 

~)~l 

28, 

33- 

-3o. 

?^. 

39, 

42. 

43. 

46- 

-48, 

51. 

5 ) 

54. 

56- 

-58, 

62. 

63. 

05. 

OS. 

70, 

"2. 

'0 

-SO. 

Lepom  is  m  icrolophus 
Micropterus  dolomieu 


7,  21 


3 

1,  3,  7.  10. 
11,   15 


37.  67 


4.  0.   7 

.  9-11, 

15.  17 

2  2.  23. 

2~.  2S 

33-3o. 

38,  3° 

42.  43. 

40.  4S 

54.  56, 

58,  02 

05.  ~0 
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Table  2. — Continued. 

Gerking       Fisher  et  al.,         REMAP  IDEM  IDEM  Stressor  ID 

Speeies  (1945)  (1994)  (1995)  (1998-2003)  (2004) 

Micropturus  punctulatus     7  1,3,10  73  4,10.18.26,28, 

33,  34,  39,  44, 
48,  55,  58,  61, 
63,  65,  68,  73, 

75-79,  85 
Micropturus  salmoides        40  73  3,  42,  47,  48,  58, 

62,  65,  68,  70, 
73,  80,  83,  85 

Pomoxis  annularis  3  73  3,  68 

Pomoxis  nigromaculatus  35 

Percidae 
Etheoswma  blennioides       7,40  1,3,7,10,        2,37,42,  4,31,73  3,4,6,7,9-11, 

11,  15  67,  71,  79  15,  17,  18,  22, 

27,  28,  33-36, 
38,  39,  42,  43, 

46,  48,  51,  54, 
56,  58,  62,  63, 
65,  68,  70,  72, 
73,  76,  80,  87 

Etheostoma  caeruleum        7,28,40       1,3,7,10,        37,42,67,         4,31,73  3,4,6,7,9-11, 

11,  15  71,  79  15,  17,  22,  23, 

27-29,  33-36, 
38,  39,  42,  43, 

47,  48,  51,  52, 
54,  56.  58,  62, 

63,  65,  68,  70, 

71,  73,  76,  78 

28,  36,  43 
12,  62,  64,  71,  72, 
74 
4,59,73  3,4,6,7,9-11, 

15,  18,  22-29, 
32-39,  42-48, 
51,  52,  54-58, 
60,  62-65,  68- 
73,  75,  76,  79, 
80,  87 
Etheostoma  spectabile  3,10.11,  2.42,67,  8  3-6.9-11,13, 

14  71,79  16-20,23-26, 

29,  30,  32,  35, 
37,  42,  44-49, 
51,  52,  54,  55, 
58,  61-64,  69- 

72,  75,  77,  78, 
80,  81,  87 

Percina  caprodes  37  28 

Percina  maculata  73  27,  43,  56,  63,  68, 

73 
Percina  sciera  1,  3.  10,  11       2.  37  4  3,  4,  10,  11,  15, 

17,  22,  28,  33, 


Etheostoma  camurum 

1 

Etheostoma  flabellare 

1 

11,  14 

37 

Etheostoma  microperca 

71 

Etheostoma  nigrum 

28.  40 

3,  10,  11, 

2,  37,  42, 

14 

67,  71.  79 

38,  43,  63 
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Table  2. — Continued. 


Species 


Gerking       Fisher  et  al. 
(1945)  (1994) 


REMAP  IDEM  IDEM  Stressor  ID 

(1995)  (1998-2003)  (2004) 


Sciaenidae 
Aplodinotus  grunniens 

Cottidae 
Cottus  bairdii 


3,  10,  11 
14 


2,  37 


3,  7.  10,  33,  35. 

63 


4.  6.  9,  11,  13,  16, 

18.  23.  24.  29. 
32.  34.  36-38. 
4 1  -43 


nutus  chrysocephalus)  from  the  watershed. 
The  taxonomy  of  the  Luxilus  group  post- 
Gerking  has  changed,  and  it  is  clear  that  the 
species  reported  by  Gerking  is  actually  the 
striped  shiner  {Luxilus  chrysocephalus).  Al- 
though these  two  species  occur  in  the  Great 
Lakes  basin,  only  Luxilus  chrysocephalus  is 
present  in  the  Ohio  River  basin.  Gerking 
(1945)  was  the  last  to  report  the  bluebreast 
darter  (Etheostoma  camurum)  from  the  South 
Fork  Wildcat  Creek  watershed.  This  species, 
which  was  recently  removed  from  the  state 
endangered  species  list,  is  believed  to  be  ex- 
tirpated from  the  watershed.  No  further  record 
of  the  species  is  known  from  the  South  Fork 
Wildcat  Creek  watershed;  however,  the  spe- 
cies has  been  collected  from  the  Wabash  River 
near  the  mouth  of  Wildcat  Creek  (B.E.  Fisher, 
Indiana  DNR,  pers.  comm.). 

Fish  assemblages  during  1994. — Fisher  et 
al.  (1998)  collected  47  species,  which  includ- 
ed most  of  the  species  previously  collected  by 
Gerking  (Table  2)  and  added  18  new  records 
for  the  South  Fork  Wildcat  Creek  watershed, 
including  silver  lamprey  (Jchthyomyzon  uni- 
cuspis),  longnose  gar  (Lepisosteus  osseus), 
gizzard  shad  (Dorsoma  cepedianum),  steel- 
color  shiner  (Cyprinella  whipplei),  carp  (Cy- 
prinus  carpio),  channel  shiner  (Notropis  wick- 
liffi),  fathead  minnow  (Pimephales  promelas), 
western  blacknose  dace  {Rhinichthys  obtusus), 
river  carpsucker  {Carpiodes  carpio),  black 
redhorse  (Moxostoma  duquesnei),  shorthead 
redhorse  (Moxostoma  macrolepidotum).  black 
bullhead  {Ameiurus  melas),  yellow  bullhead 
(Ameiurus  natalis),  flathead  catfish  {Pylodictis 
olivaris),  redear  sunfish  {Lepomis  microlo- 
phus),  white  crappie  (Pomoxis  annularis),  or- 
angethroat  darter  (Etheostoma  spectahile).  and 
dusky  darter  (Percina  sclera)  (Table  2).  Fisher 


et  al.  documented  the  last  records  for  six  spe- 
cies (Jchthyomyzon  unicuspis,  Lepisosteus  os- 
seus,  Notropis  volucellus.  Notropis  wickliffi. 
Pylodictis  olivaris,  and  Lepomis  microlophus) 
from  the  South  Fork  Wildcat  Creek  Water- 
shed. All  of  the  species  last  collected  by  Fish- 
er et  al.  are  large-river  habitat  species  that 
may  have  entered  the  South  Fork  Wildcat 
Creek  from  the  mainstem  Wabash  River.  Fish- 
er's sites  were  less  than  14  river  miles  (22.5 
km)  from  the  mouth  of  the  Wabash  River. 

Fish  assemblages  during  1994-1995. — 
During  this  period,  38  species  were  collected 
during  a  survey  of  the  Eastern  Corn  Belt  Plain 
(Table  2;  Simon  unpubl.  data).  Six  species 
were  newly  recorded  from  the  watershed  in- 
cluding: quillback  (Carpiodes  cyprinus),  spot- 
ted sucker  (Minytrema  melanops).  brow  n  bull- 
head (Ameiurus  nehulosus).  blackstripe 
topminnow  (Fundulus  notatus),  least  darter 
(Etheostoma  microperca).  and  logperch  (Per- 
cina caprodes)  (Table  2).  All  of  the  sucker 
species  records  are  large-river  habitat  species. 
These  species  are  more  difficult  to  collect  and 
are  not  generally  present  in  small  streams.  The 
least  darter  (Etheostoma  microperca)  is  one  o\ 
the  smallest  fish  in  North  America  and  is  often 
overlooked  and  easil)  missed  due  to  gear 
problems.  By  using  the  smallest  standard  bar- 
mesh  (5  mm  stretch),  the  capture  of  the  least 
darter  was  recorded.  The  logperch  is  a  large- 
to  moderate-sized  river  species  that  occurs  in 
run  habitat  types. 

Fish  assemblages  during  199S-2003. 
During  this  period  44  species  were  collected 
from  five  sites  in  the  South  Fork  Wildcat 
Creek  watershed  (Table  2).  Two  species  were 
newly  recorded  during  this  time  period,  in- 
cluding orangespotted  sunfish  {Lepomis  hu- 
milis)  and  blackside  darter  (Percina  maculata) 
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Table  3. — Comparison  of  probabilistic  data  collected  from  three  periods  in  the  South  Fork  Wildcat 
Creek  watershed  from  1995  to  2004.  REMAP  -  Regional  Environmental  Monitoring  and  Assessment 
Program  (1995);  Probability  -  Random  sampling  design  on  Upper  Wabash  River  drainage  (1995-2003); 
Stressor  -  Targeted  sampling  design  on  South  Fork  Wildcat  Creek  drainage  (2004). 


REMAP 

Probability 

Stressor 

Total 

Species 

Count 

% 

Count 

% 

Count 

% 

Count 

% 

Clupeidae 

Dorosoma  cepedianum 

1 

<1% 

12 

1% 

90 

<1% 

103 

<1% 

Cyprinidae 

Campostoma  anomalum 

417 

22% 

56 

3% 

3399 

15% 

3872 

14% 

Campostoma  oligolepis 

549 

2% 

549 

2% 

Cyprinella  spiloptera 

18 

1% 

65 

4% 

367 

2% 

450 

2% 

Cyprinella  whipplei 

<1% 

1 

<1% 

9 

<1% 

10 

<1% 

Cyprinus  carpio 

16 

1% 

17 

1% 

67 

<1% 

100 

<1% 

Ericymba  buccata 

18 

1% 

36 

2% 

173 

1% 

227 

1% 

Hybognathus  nuchal  is 

1 

<1% 

1 

<1% 

Hybopsis  amblops 

8 

<1% 

30 

2% 

337 

1% 

375 

1% 

Luxilus  chrysocephalus 

69 

4% 

92 

<1% 

161 

1% 

Lythruriis  umbratilis 

3 

<1% 

12 

1% 

79 

<1% 

94 

<1% 

Nocomis  biguttatus 

1 

<1% 

1 

<1% 

Nocomis  micropogon 

6 

<1% 

12 

1% 

4 

<1% 

22 

<1% 

Notemigonus  crysoleucus 

12 

<1% 

12 

<1% 

Notropis  rubellus 

14 

1% 

50 

<1% 

64 

<1% 

Notropis  stramineus 

39 

2% 

39 

2% 

255 

1% 

333 

1% 

Phenacobius  mirabilis 

1 

<1% 

1 

<1% 

Phoxinus  erythrogaster 

137 

1% 

137 

1% 

Pimephales  notatus 

205 

11% 

390 

22% 

1996 

9% 

2591 

10% 

Pimephales  promelas 

2 

3 

<1% 

5 

<1% 

Rhinichthys  obtusus 

7 

<1% 

1742 

7% 

1749 

7% 

Semotilus  atromaculatus 

224 

12% 

220 

13% 

4773 

21% 

5217 

19% 

Esocidae 

Esox  americanus 

3 

<1% 

44 

<1% 

47 

<1% 

Catostomidae 

Carpiodes  carpio 

1 

<1% 

<1% 

9 

<1% 

10 

<1% 

Carpiodes  cyprinus 

2 

<1% 

1 

<1% 

10 

<1% 

13 

<1% 

Carpiodes  velifer 

6 

<1% 

6 

<1% 

Catostomus  commersonii 

126 

7% 

44 

3% 

1205 

5% 

1 375 

5% 

Erimyzon  oblongus 

12 

1% 

6 

<1% 

39 

<1% 

57 

<1% 

Hypentelium  nigricans 

63 

3% 

36 

2% 

440 

2% 

539 

2% 

Minytrema  melaonps 

1 

<1% 

27 

2% 

60 

<1% 

88 

<1% 

Moxostoma  anisurum 

1 

<1% 

20 

<1% 

21 

<1% 

Moxo stoma  duquesnei 

8 

<1% 

75 

4% 

333 

1% 

416 

2% 

Moxostoma  erythrurum 

6 

<1% 

97 

6% 

319 

1% 

422 

2% 

Moxostoma  mac  rolepidotum 

1 

<1% 

5 

<1% 

6 

<1% 

Ictaluridae 

Ameiurus  melas 

2 

<1% 

11 

<1% 

13 

<1% 

Ameiurus  natal  is 

10 

1% 

45 

3% 

107 

<1% 

162 

1% 

Ameiurus  nebulosus 

2 

<1% 

2 

<1% 

4 

<1% 

Ictalurus  punctatus 

4 

<1% 

4 

<1% 

Noturus  flavus 

1 

<1% 

2 

<1% 

3 

<1% 

Noturus  gyrinus 

3 

<1% 

3 

<1% 

Noturus  miurus 

1 

<1% 

8 

<1% 

9 

<1% 
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Table  3. — Continued. 


REMAP 


Species 


Count         % 


Probability 
Count         % 


Stressor 


Count 


Total 


Count 


Fundulidae 

Fundulus  notatus 
Poeciliidae 

Gambusia  affinis 
Centrarchidae 


14  1% 


4        <!' 


47 


<1% 


<1 


65 


<1% 


-r; 


Ambloplites  rupestris 

9 

<1% 

4 

<1% 

153 

[<% 

166 

\% 

Lepomis  cyanellus 

22 

1  % 

92 

5% 

742 

y/c 

856 

y-'f 

Lepomis  gulosus 

2 

<i% 

2 

<i% 

Lepomis  humilis 

16 

1% 

22 

<i% 

38 

<\9c 

Lepomis  macrochirus 

3 

<1% 

22 

1% 

150 

i% 

175 

\c'f 

Lepomis  megalotis 

63 

3% 

192 

11% 

781 

3<% 

1036 

yf 

Micropterus  dolomieu 

5 

<1% 

3 

<1% 

164 

1% 

172 

\c\ 

Micropturus  punctulatus 

17 

17r 

55 

<1% 

72 

<\c7c 

Micropturus  salmoides 

4 

<1% 

34 

<1% 

38 

<l% 

Pomoxis  annularis 

1 

<1% 

2 

<1% 

3 

<l% 

Poxomis  nigromaculatus 

1 

<1% 

1 

<l% 

Percidae 

Etheostoma  blennioides 

119 

6% 

59 

3% 

1007 

4% 

1185 

49c 

Etheostoma  caeruleum 

152 

8% 

23 

1% 

836 

4% 

1011 

49c 

Etheostoma  flabellare 

8 

<1% 

5 

<1% 

13 

<l% 

Etheostoma  microperca 

1 

<1% 

108 

<1% 

109 

<\% 

Etheostoma  nigrum 

113 

6% 

29 

2% 

1150 

5% 

1292 

5C"r 

Etheostoma  spectabile 

128 

1% 

1 

<1% 

724 

3% 

853 

3<; 

Percina  caprodes 

1 

<1% 

1 

<1% 

2 

<1% 

Percina  maculata 

1 

<1% 

13 

<1% 

14 

<1% 

Percina  sciera 

3 

<1% 

24 

1% 

44 

<1% 

71 

<1% 

Sciaenidae 

Aplodinotus  grunniens 

11 

<17r 

1  1 

<1% 

Cottidae 

Cottus  bairdii 

8 

<1% 

6 

<1% 

408 

2% 

422 

2% 

(Table  2).  Percina  maculata  prefers  woody 
debris  habitats,  while  Lepomis  humilis  is  char- 
acteristic of  open,  turbid,  prairie  streams. 
Those  species  collected  during  these  sampling 
events  that  were  not  previously  recorded  in 
1994  sampling  events  include:  Mississippi  sil- 
very minnow  (Hybognathus  nuchalis),  grass 
pickerel  (Esox  americanus),  orangespotted 
sunfish  (Lepomis  humilis),  largemouth  bass 
(Micropturus  salmoides),  and  blackside  darter 
(Percina  maculata)  (Table  2). 

Fish  assemblages  during  2004. — During 
this  time  period  65  species  were  collected 
from  80  sites  (Table  2).  Eleven  species  were 
newly  collected  during  this  period  including: 
largescale  stoneroller  (Campostoma  oligole- 
pis),   hornyhead   chub   (Nocomis   biguttatus), 


golden  shiner  (Notemigonus  crxsoleucus). 
southern  redbelly  dace  (Phoxinus  erythrogas- 
ter),  river  carpsucker  (Carpiodes  carpio), 
highfin  carpsucker  (Carpiodes  velifer),  chan- 
nel catfish  (Ictalurus  punctatus),  tadpole  mad- 
tom  (Notions  gyrinus),  mosquitofish  (Gam- 
busia affinis),  warmouth  (Lepomis  gulosus). 
black  crappie  {Poxomis  nigromaculatus),  and 
freshwater  drum  (Aplodinotus  grunniens)  (Ta- 
ble 2). 

Fish  fauna  similarity  concordance. — Din- 
ing 2004.  we  re-sampled  four  of  the  seven 
sites  sampled  by  Fisher  et.  al.  (1998)  from 
1994.  These  four  sites  were  located  in  Tip- 
pecanoe Count).  The  South  Fork  Wildcat 
Creek,  SR  26  near  Lafayette,  had  43  species 
recorded  during   1994  and  2004  with  a  simi- 
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30       35       40       45 

IBI  Score 

Figure  2. — Cumulative  frequency  distribution  of 
IBI  scores  for  the  South  Fork  Wildcat  Creek  wa- 
tershed for  the  2004  survey.  A  =  all  sites,  B  = 
headwater  sites  (drainage  area  <  51.8  km2),  and  C 
=  wadeable/mainstem  sites  (drainage  area  >  51.8 
km2). 


larity  coefficient  of  51.2%.  The  site  on  South 
Fork  Wildcat  Creek,  CR  200  S  bridge,  yielded 
42  species  with  a  similarity  coefficient  of 
26.2%,  while  a  third  site  on  South  Fork  Wild- 
cat Creek  yielded  37  species  with  similarity 
of  54.1%.  The  last  site,  Lauramie  Creek,  New 
Castle  Road,  had  26  species  with  a  similarity 
coefficient  of  53.8%. 

Condition  of  the  South  Fork  Wildcat 
Creek  watershed. — Based  on  the  2004  inten- 
sive watershed  survey,  the  South  Fork  Wildcat 
Creek  watershed  had  an  index  of  biotic  integ- 
rity scores  that  range  from  12  to  56  (mean  = 
39;  Fig.  2).  Seventy  percent  of  the  watershed 
is  exceeding  the  State  minimum  IBI  score 
with  29%  achieving  IBI  scores  >48,  which  is 
considered  to  be  "good"  to  "excellent"  con- 
dition. Thirty  percent  of  the  watershed  is  con- 
sidered to  be  biologically  impaired  (IBI  score 
<36).  All  sites  demonstrating  biological  im- 
pairments (IBI  <35)  were  headwater  streams 
with  drainage  areas  less  then  51.8  km2  (Fig. 
2).  IBI  scores  for  these  headwater  streams 
range  from  1 2  to  56  (mean  =  34).  Conversely, 
IBI  scores  for  those  streams  with  drainage  ar- 
eas greater  then  51.8  km2  range  from  42  to  54 
(mean  =  50;  Fig.  2).  Restoration  efforts  should 
focus  on  headwater  streams  in  the  watershed 
in  order  to  protect  the  biological  integrity  of 
the  larger  streams  in  the  watershed. 

The  current  comprehensive  study  of  the 
fishes  of  the  South  Fork  Wildcat  Creek  wa- 
tershed advances  our  understanding  of  this 
rich    and    diverse    watershed    increasing    the 


known  species  from  the  watershed  to  73.  The 
need  for  comprehensive  inventories  of  water- 
shed-specific fish  assemblages  is  vital  for 
trend  assessment  and  to  determine  changes  to 
specific  guild  or  sensitive  species.  With  con- 
tinued emphasis  being  placed  on  maintaining 
and  improving  the  water  quality  and  biologi- 
cal integrity  of  watersheds,  further  efforts 
should  be  made  to  restore  headwater  streams 
in  the  South  Fork  Wildcat  Creek  watershed. 
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BIODIVERSITY  OF  FISHES  IN  THE  WABASH  RIVER: 
STATUS,  INDICATORS,  AND  THREATS 

Thomas  P.  Simon:      U.S.  Fish  and  Wildlife  Service,  620  South  Walker  Street, 

Bloomington,  Indiana  47401  USA;  and  Aquatic  Research  Center,  Indiana  Biological 
Survey,  6440  South  Fairfax  Road,  Bloomington,  Indiana  47401  USA 

ABSTRACT.  Anthropogenic  impacts  on  native  Wabash  River  fish  species  have  caused  extinctions,  frag- 
mentation and  loss  of  habitat,  and  range  reductions  that  have  imperiled  species.  Seven  species  that  have 
been  extirpated  include  the  alligator  gar  {Atractosteus  spatula),  harelip  sucker  {Moxostoma  lacerum), 
crystal  darter  (Crystallaria  asprella),  saddleback  darter  {Percina  vigil),  channel  darter  {Percina  copelandi), 
stargazing  darter  {Percina  uranidea),  and  popeye  shiner  {Notropis  ahommus).  The  harelip  sucker  occurred 
in  the  Tippecanoe  River  but  became  extinct  during  the  early  1900s.  Banded  pygmy  sunfish  {Elassoma 
zonatum)  may  be  extirpated  from  Indiana,  but  the  species  status  is  unknown.  Habitat  loss  has  also  caused 
the  local  extirpation  of  spotted  darter  {Etheostoma  maculatum),  greater  redhorse  {Moxostoma  valencien- 
nesi),  and  northern  madtom  {Noturus  stigmosus).  Range  reductions  have  influenced  the  distribution  of 
northern  brook  lamprey  {Ichthyomyzon  fossor),  lake  sturgeon  {Acipenser  fulvescens),  cisco  {Coregonus 
artedii),  and  gilt  darter  {Percina  evides).  Currently,  five  species  on  the  endangered  list  for  Indiana  (50%) 
occur  in  the  Wabash  River.  As  sensitive  species  have  declined  in  abundance,  some  species  have  increased 
in  distribution  and  relative  abundance:  tippecanoe  darter  {Etheostoma  tippecanoe),  harlequin  darter  {Eth- 
eostoma  histrio),  and  eastern  sand  darter  {Ammocrypta  pellucida).  Intensive  evaluations  of  the  Tippecanoe 
and  Wabash  Rivers  have  shown  increasing  threats.  Perhaps  the  greatest  threat  to  the  aquatic  biodiversity 
of  the  Wabash  River  fish  assemblage  is  the  influence  of  exotic  fish  species,  with  the  impact  of  the  Asiatic 
carps  (grass  {Ctenopharyngodon  idella),  bighead  {Hypothalmichthys  nobilis),  and  silver  {H.  molitrix)  carps) 
of  looming  concern. 

Keywords:     Biodiversity,  status,  threatened  and  endangered  species,  alien  species 


The  Wabash  River  flows  through  the  heart- 
land of  the  Corn  Belt  Plain  and  is  perhaps  the 
lifeblood  of  the  midwestern  United  States. 
Perhaps  no  other  river  has  been  so  promi- 
nently mentioned  regarding  the  history  of 
North  American  ichthyology  than  the  Wabash 
River.  As  a  result  of  the  influence  and  allure 
of  this  river,  more  long-term  studies  of  large- 
river  fishes  (Forbes  &  Richardson  1920;  Gam- 
mon 2000)  may  have  been  conducted  in  the 
Wabash  River  than  any  other  North  American 
river.  In  the  lower  Wabash  River,  continuous 
studies  at  the  same  sites  have  been  conducted 
since  1905  by  the  State  of  Illinois  (Forbes  & 
Richardson  1905),  while  in  Indiana  the  middle 
Wabash  River  has  been  studied  since  1966 
(Gammon  2000). 

The  Wabash  River  possesses  a  rich  legacy 
of  ichthyological  investigations  (Rafinesque 
1820;  Lesueur  1846;  Cope  1868,  1870;  Jordan 
1877;  Jordan  &  Copeland  1877;  Swain  1883; 
Forbes  &  Richardson  1905).  Perhaps  more  re- 
nowned ichthyologists  may  have  waded  in  the 


Wabash  River  and  its  major  tributaries  than  in 
any  other  North  American  river. 

The  purpose  of  this  paper  is  to  describe  sig- 
nificant contributions  that  have  been  accom- 
plished in  the  Wabash  River  drainage  in  the 
fields  of  ichthyology  and  fisheries  biology. 
This  paper  describes  contributions  in  the  study 
of  fish  diversity,  patterns  in  large  river  struc- 
ture and  function,  and  current  threats  to  fish 
assemblage  stability. 

SIGNIFICANT  CONTRIBUTIONS  TO 

ICHTHYOLOGY  OF  THE 

WABASH  RIVER 

Among  the  most  famous  ichthyologists  and 
fisheries  biologists  who  have  traversed  the 
Wabash  River  are  Samuel  Constantine  Rafin- 
esque, Charles  A.  LeSueur,  Edwin  Drinker 
Cope,  David  Starr  Jordan,  Stephen  A.  Forbes, 
Charles  H.  Gilbert,  and  James  R.  Gammon. 

Samuel  Constantine  Rafinesque  (1783- 
1840)  was  an  eccentric  naturalist  who  was 
born  in  Galata,  a  suburb  of  Constantinople. 
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Rafinesque  came  to  the  United  States  in  1818, 
where  he  settled  in  Kentucky  and  collected 
various  kinds  of  biological  specimens  includ- 
ing fish,  plants,  a  wide  variety  of  inverte- 
brates, and  other  vertebrate  animals.  Rafin- 
esque spent  a  significant  amount  of  his  career 
studying  the  fauna  and  flora  of  the  Ohio  River 
basin,  but  also  evaluated  fishes  from  the  Wa- 
bash River  (Call  1985).  Generally,  Rafinesque 
described  organisms  from  memory  and  pub- 
lished his  work  in  a  series  of  articles.  His 
work  culminated  in  the  Ichthyologia  Ohiensis, 
which  set  North  American  ichthyology  back 
considerably  (Rafinesque  1820).  Rafinesque, 
while  traveling  through  the  Ohio  River  valley, 
befriended  James  Audubon  and  lodged  at  his 
cabin  in  Henderson,  Kentucky.  Legend  re- 
cords that  during  one  of  these  stays,  Rafin- 
esque was  awakened  by  bats  flying  around  the 
cabin.  Rafinesque  grabbed  Audubon's  violin 
and  swatted  at  the  bats,  ultimately  destroying 
the  violin.  Audubon  got  even  with  Rafinesque 
by  illustrating  hypothetical  fishes  that  repre- 
sented mixtures  of  several  species.  Audubon 
brought  these  drawings  to  Rafinesque,  who 
described  them  as  new  species.  In  part,  this 
was  the  basis  for  years  of  frustration  and  con- 
fusion (Agassiz  1855;  Jordan  1876). 

Charles  Alexandre  Lesueur  (1778-1846) 
was  considered  among  the  most  prominent 
ichthyologists  of  the  early  19th  century.  Le- 
sueur was  born  in  France  and  studied  with 
Professors  Culver  and  Valenciennes  from  the 
Museum  of  Natural  History  in  Paris,  France. 
He  came  to  North  America  and  settled  in  New 
York,  where  he  began  studies  of  North  Amer- 
ican freshwater  fishes.  He  was  among  the 
prominent  scientists  who  left  the  Philadelphia 
Academy  of  Science  on  the  "Boatload  of 
Knowledge,"  which  was  a  group  of  well- 
known  scientists  that  relocated  to  New  Har- 
mony by  traveling  down  the  Ohio  River  and 
settled  on  the  banks  of  the  Wabash  River.  Le- 
sueur joined  the  experimental  New  Harmony 
socialistic  colony  around  1820  and  was  there 
for  a  short  time.  Lesueur  studied  freshwater 
fishes  of  the  Wabash  River,  but  due  to  frustra- 
tions with  other  scientists  at  New  Harmony 
left  the  settlement  and  returned  to  France  be- 
fore completing  his  treatise  of  North  Ameri- 
can fishes. 

Edwin  Drinker  Cope  (1840-1897)  was 
among  the  first  ichthyologists  to  have  de- 
scribed fish  from  Indiana  during  explorations 


of  the  Virginia  territory.  Cope  was  a  biologist 
with  the  Academy  of  Natural  History  in  Phil- 
adelphia and  became  famous  lor  the  large 
number  of  dinosaurs  he  found.  His  feuds  with 
Othniel  C.  Marsh,  American  Museum  of  Nat- 
ural History,  were  known  as  the  dinosaur 
wars.  Cope,  as  was  true  of  many  scientists  of 
his  time,  studied  all  aspects  of  natural  history, 
including  herpetology,  ichthyology,  and  pale- 
ontology. It  is  not  clear  if  Cope  may  have 
sampled  in  Indiana  or  if  he  described  species 
that  had  been  sent  to  him  by  other  collectors. 
but  he  described  species  from  the  White  River 
near  Indianapolis  and  from  the  Wabash  River 
near  Lafayette  (Cope  1867.  1868.  1870).  Cope 
was  posthumously  recognized  by  the  Ameri- 
can Society  of  Ichthyologists  and  Herpetolo- 
gists  when  they  named  their  journal  "Copeia" 
in  his  honor. 

David  Starr  Jordan  (1851-1931)  was  per- 
haps the  most  influential  of  all  American  ich- 
thyologists. He  began  his  career  in  Indiana 
and  is  considered  the  "Father  of  modern  ich- 
thyology." All  current  ichthyologists  can  trace 
their  educational  "roots"  back  to  Jordan  in 
some  manner.  Jordan  had  an  illustrious  career 
that  began  at  Butler  University,  continued  at 
Indiana  University,  and  terminated  at  Stanford 
University.  While  Jordan  was  in  Indiana,  he 
retraced  the  footsteps  of  Rafinesque  and  un- 
raveled the  mystery  of  many  Ohio  River  fish- 
es (Jordan  1876),  and  then  studied  fishes  in 
the  White  River  drainage  contributing  sub- 
stantially to  the  description  of  new  species; 
and,  all  the  while,  training  students  in  the  un- 
derstanding of  fishes.  Jordan,  along  with  Bar- 
ton Warren  Evermann,  co-authored  the  treatise 
entitled,  "Fishes  of  North  and  Middle  Amer- 
ica," which  was  considered  the  definitive 
study  on  fishes.  Jordan,  while  at  Butler  Uni- 
versity, was  known  for  his  collecting  trips  and 
travels  across  North  America  instructing  stu- 
dents in  geology,  natural  history,  and  the  cus- 
toms of  local  people.  Jordan's  exploits  arc  leg- 
endary, and  he  published  extensively  with  his 
students.  After  Leaving  Indiana.  Jordan  pur- 
chased and  had  shipped  to  Stanford  University 
the  Indiana  University  fish  collection.  This 
material  is  current!)  curated  at  the  California 
Academy  of  Science.  Jordan  conducted  exten- 
sive studies  for  the  Bureau  of  Fisheries,  the 
United  States  Fisheries  Commission,  and  sur- 
veyed the  marine  fishes  of  Japan.  Hawaii,  and 
the    southeastern    United    States.    Jordan    was 
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Figure  1. — Ichthyologists  and  fisheries  biologists  who  made  significant  contributions  to  our  knowledge 
of  the  Wabash  River  drainage.  Top  left:  Samuel  Constantine  Rafinesque  (1783-1840);  Top  right:  David 
Starr  Jordan  (1851-1931):  Center  left:  Charles  A.  Lesueur  (1778-1846);  Center  right:  Stephen  A.  Forbes 
(1844-1930);  Bottom  left:  Edwin  Drinker  Cope  (1840-1897);  Bottom  right:  Charles  Gilbert  (1859-1928). 
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highly  honored  and  respected  by  his  students 
and  is  credited  with  the  development  of  col- 
lege majors. 

Charles  Henry  Gilbert  (1859-1928)  be- 
came an  early  associate  of  David  Starr  Jordan. 
He  first  met  Jordan  while  a  high  school  stu- 
dent. Gilbert  followed  Jordan  and  studied  un- 
der him  first  at  Butler  University.  Later,  when 
Jordan  went  to  Indiana  University,  Gilbert  fol- 
lowed him  and  received  his  masters  and  doc- 
torate degrees.  Gilbert  was  the  first  individual 
to  receive  a  doctoral  degree  from  Indiana  Uni- 
versity. He  studied  fishes  in  the  White  River 
and  followed  Jordan  to  Stanford  University, 
where  he  became  a  professor  in  the  Depart- 
ment of  Zoology.  According  to  some,  Gilbert 
was  perhaps  best  known  for  his  studies  of 
western  North  American  fishes.  He  was  the 
senior  scientist  on  the  voyages  of  the  Alba- 
tross, which  studied  marine  fishes  and  sur- 
veyed the  Hawaiian  Islands.  His  devotion  to 
Jordan  lasted  until  the  end  of  his  life. 

Stephen  Alfred  Forbes  (1844-1930)  was 
the  founder  of  the  Illinois  Natural  History 
Survey.  Forbes  studied  pollution  events  in  the 
Illinois  River,  and  ultimately  conducted  sur- 
veys of  streams  and  rivers  in  Illinois  that  were 
published  in  the  "Fishes  of  Illinois"  (Forbes 
&  Richardson  1905,  1920).  Sites  established 
by  Forbes  &  Richardson  that  were  sampled 
along  the  border  of  the  lower  Wabash  River 
have  contributed  significantly  to  our  knowl- 
edge of  the  Wabash  River  prior  to  drainage  of 
its  extensive  wetlands. 

James  R.  Gammon  (1936-present)  studied 
fish  ecology  and  the  impacts  of  thermal  pol- 
lution on  the  structure  and  function  of  fish  as- 
semblages in  large  rivers.  Gammon  was  a  Pro- 
fessor at  DePauw  University.  Gammon  had 
significant  influence  on  the  development  of 
large  river  standard  operating  methods,  devel- 
opment of  assessment  indices,  and  provided  a 
long-term  database  that  evaluated  the  middle 
Wabash  River  for  over  30  years  (Gammon 
2000). 

RESULTS  AND  DISCUSSION 

Fishes  of  the  Wabash  River  drainage. — 

The  Wabash  River  has  151  native  fish  species 
(Table  1).  This  could  well  be  the  most  native 
fish  species  of  any  drainage  in  the  Ohio  River 
basin.  The  two  principal  tributaries,  the  West 
Fork  White  River  (including  the  lower  White 


River  and  the  East  Fork  White  River),  have 
126  species. 

The  State  of  Indiana  has  listed  seven  "En- 
dangered" and  five  "Special  Concern""  spe- 
cies that  occur  in  the  Wabash  River  drainage 
(Table  1).  The  State  defines  endangered  spe- 
cies as  any  animal  species  whose  prospects  lor 
survival  or  recruitment  within  the  state  are  in 
immediate  jeopardy  and  are  in  danger  of  dis- 
appearing from  the  state.  This  includes  all 
species  classified  as  endangered  by  the  federal 
government  which  are  known  to  occur  in  In- 
diana. Special  concern  is  defined  as  an)  ani- 
mal species  about  which  some  problems  of 
limited  abundance  or  distribution  in  Indiana 
are  known  or  suspected  and  should  be  closely 
monitored.  Seven  species  are  classified  as 
State  Endangered  species,  and  the\  include 
the  bantam  sunfish  (Lepomis  symmetricus), 
greater  redhorse  (Moxostoma  valenciennesi), 
lake  sturgeon  (Acipenser  fulvescens).  northern 
brook  lamprey  (Ichthyomyzonfossor),  channel 
darter  (Percina  copelandi),  and  redside  daee 
(Clinostomus  elongatus),  which  are  found 
within  the  Wabash  River  basin,  but  ma\  be 
limited  to  either  single  sites  or  less  than  10 
locations.  The  banded  pygmy  sunfish  {Elas- 
soma  zonatum)  may  be  extirpated  from  Indi- 
ana, but  the  species  status  is  unknown.  The 
banded  sunfish  is  classified  as  special  concern. 
Other  species  occurring  in  the  Wabash  River 
drainage  that  are  classified  as  special  concern 
include,  northern  madtom  {Xoturus  sii^mo- 
sus),  spotted  darter  {Etheostoma  mac u latum), 
tippecanoe  darter  (£".  tippecanoe),  and  western 
sand  darter  (Ammocrypta  clara). 

Type  locations. — Nine  species  of  fishes 
have  been  described  from  the  Wabash  Ri\er 
system  (Table  2).  including  two  species  that 
were  described  from  the  Wabash  Riser  proper 
and  another  two  species  from  direct  tributar- 
ies. The  shovelnose  sturgeon,  river  redhorse. 
grass  pickerel,  and  Tippecanoe  darter  were  de- 
scribed from  the  Wabash  River  system.  The 
other  five  species  were  described  from  the 
White  River  system  in  the  vicinitj  of  Indian- 
apolis. 

History  of  extirpations. — Sex  en  fish  spe- 
cies, including  a  single  species  that  is  now 
extinct,  have  been  extirpated  from  the  Wabash 
River  drainage.  The  harelip  sucker  {Moxos- 
toma lacerurri),  known  from  the  Tippecanoe 
River,  was  always  considered  rare:  but  it  is  not 
known  what  caused  the  species'  demise.  Some 
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Table  1. — Distribution  and  habitats  of  fishes  of  the  Wabash  River  drainage.  EP 
species;  NI  =  possibly  introduced,  but  considered  native;  EX  =  extinct;  and  I  = 


=  extirpated;  N 
introduced. 


native 


Habitats 


Drainage 


Specie.1' 


Low-  Big  Lacus- 

Land     Upland    River    Stream    Creek      trine 


Subter-  Wabash     White 
ranean      River       River 


Petromyzontidae 
Icthyomyzon  bdellium 
Icthyomyzon  castaneus 
Icthyomyzon  fossor 
Icthyomyzon  unicuspis 
Lampetra  ciepyptera 
Lampetra  appendix 

Acipenseridae 
Acipenser  fulvescens 
Scaphirynchus  platorynchus 

Polyodontidae 

Polyodon  spathula 
Lepisosteidae 

Atractosteus  spatula 

Lepisosteus  oculatus 

Lepisosteus  osseus 

Lepisosteus  platostomus 

Amiidae 
Amia  calva 

Anguillidae 
Anguilla  rostrata 

Cluepidae 
A  losa  ch  rysoch  lor  is 
Dorosoma  cepedianum 
Dorosoma  petenense 

Hiodontidae 
Hiodon  alosoides 
Hiodon  tergisus 

Gadidae 

Lota  lota 
Salmonidae 

Coregonus  art  edit 
Umbridae 

Umbra  limi 
Esocidae 

Esox  americanus 

Esox  lucius 

Esox  masquinongy 

Cyprinidae 
Campostoma  anomalum 
Carassius  auratus 
Clinostomus  elongatus 
Ctenopharyngodon  idella 
Cyprinella  lutrensis 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


X 


X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


X 


X 


X 


X 


X 


X 


X 


N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


N 


N 


N 


N 


N 


N 


X 

EP 

X 

N 

N 

N 

N 

N 

N 

N 


N 


N 

N 

N 

N 

I 

I 

N 

N 

N 

N 


X 

X 

X 

X 

X 

N 

N 

X 

X 

X 

X 

X 

N 

X 

X 

X 

X 

I 

X 

X 

X 

N 
I 

N 
I 

X 

X 

N 

X 

X 

X 

I 

I 

X 

X 

X 

NI 
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Table  1. — Continued. 


Habitats 

Drai 

lage 

Low- 

Big 

Lacus-    Sul 

3ter-   Wabash 

White 

Species 

Land 

Upland 

River 

Stream 

Creek 

trine      ranean      River 

River 

Cyprinella  spiloptera 

X 

X 

X 

X 

X             N 

N 

Cyprinella  Whipple 'i 

X 

X 

X 

N 

N 

Cyprinus  carpio 

X 

X 

X 

X 

X 

X 

1 

! 

Ericymba  buccata 

X 

X 

X 

N 

N 

E rimy st ax  dissimilis 

X 

X 

N 

Erimystax  x-punctata 

X 

X 

N 

Hybognathus  hayi 

X 

X 

X 

\ 

Hybognathus  nuchalis 

X 

X 

X 

N 

N 

Hybopsis  amblops 

X 

X 

X 

N 

N 

Hypophtha  Im  ich  thys 

molitrix 

X 

X 

I 

1 

Hypophthalmichthys  nobilis 

X 

X 

1 

1 

Lux 1 1 us  chysocephalus 

X 

X 

N 

N 

Lythrurus  fumeus 

X 

X 

X 

N 

Lythrurus  umbratilis 

X 

X 

X 

X 

\ 

N 

Macrhybopsis  hyostoma 

X 

X 

X 

X 

X 

N 

N 

Macrhybopsis  storeriana 

X 

X 

X 

N 

N 

Nocomis  biguttatus 

X 

X 

X 

N 

N 

Nocomis  micropogon 

X 

X 

X 

N 

N 

Notemigonus  crysoleucas 

X 

X 

X 

X 

N 

N 

Notropis  amnis 

X 

X 

X 

N 

Notropis  anogenus 

X 

X 

N 

Notropis  ariommus 

X 

X 

X 

EP 

EP 

Notropis  atherinoides 

X 

X 

X 

X 

X 

N 

N 

Notropis  blennius 

X 

X 

N 

N 

Notropis  boops 

X 

X 

X 

N 

N 

Notropis  buchanani 

X 

X 

N 

N 

Notropis  dorsalis 

X 

X 

X 

N 

Notropis  hudsonius 

X 

X 

X 

X 

N 

Notropis  photogenis 

X 

X 

\ 

N 

Notropis  rubellus 

X 

X 

X 

N 

N 

Notropis  shumardi 

X 

X 

N 

Notropis  stramineus 

X 

X 

X 

N 

N 

Notropis  texanus 

X 

X 

N 

N 

Notropis  volucellus 

X 

X 

X 

X 

X 

N 

N 

Opsopoeodus  emilae 

X 

X 

X 

X 

X 

\ 

N 

Phenacobius  mirabilis 

X 

X 

X 

X 

\ 

\ 

Phoxinus  erythrogaster 

X 

X 

N 

N 

Pimephales  notatus 

X 

X 

X 

X 

X 

\ 

N 

Pimephales  promelas 

X 

X 

X 

\ 

N 

\ 

Pimephales  vigilax 

X 

X 

X 

X 

N 

N 

Rhinichthys  obtusus 

X 

X 

N 

\ 

Semotilus  atromaculatus 

X 

X 

X 

X 

N 

\ 

Castostomidae 

Carpiodes  carpio 

X 

X 

X 

X 

N 

\ 

Carpiodes  cyprinus 

X 

X 

X 

X 

N 

N 

Carpiodes  velifer 

X 

X 

X 

X 

N 

\ 

Catostomus  commersonii 

X 

X 

X 

X 

N 

\ 

Cycleptus  elongatus 

X 

X 

N 

N 
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Table  1. — Continued. 


Habitats 


Drainage 


Low- 

Big 

Species 

Land 

Upland 

River 

Stream 

Crec 

Erimyzon  oblongus 

X 

X 

X 

X 

Erimyzon  sucetta 

X 

X 

X 

Hypen telium  n igricans 

X 

X 

X 

Ictiobus  bubalus 

X 

X 

X 

Ictiobus  cyprinellus 

X 

X 

X 

Ictiobus  niger 

X 

X 

X 

Minytrema  melanops 

X 

X 

X 

X 

Moxostoma  anisurum 

X 

X 

X 

X 

Moxostoma  carinatum 

X 

X 

X 

X 

Moxostoma  duquesnei 

X 

X 

Moxostoma  erythrurum 

X 

X 

X 

Moxostoma  lacerum 

X 

X 

Moxostoma  macrolepidotum 

X 

X 

X 

X 

Moxostoma  valenciennesi 

X 

X 

X 

Ictaluridae 
Ameiurus  catus 
Ameiurus  melas 
Ameiurus  natalis 
Ameiurus  nebulosus 
Ictalurus  furcatus 
Ictalurus  punctatus 
Noturus  eleutherus 
Noturus  flavus 
Noturus  gyrinus 
Noturus  miurus 
Noturus  nocturnus 
Noturus  stigmosus 
Pylodictis  olivaris 

Amblyopsidae 

Amblyopsis  spelaea 
Aphredoderidae 

Aphredoderus  say  anus 
Fundulidae 

Fundulus  catenatus 

Fundulus  dispar 

Fundulus  notatus 

Poeciliidae 

Gambusia  affinis 
Atherinidae 

Labidesthes  sicculus 

Menidia  berylina 

Gasterosteidae 
Culaea  inconstans 

Cottidae 
Cottns  bairdii 
Cottus  carol inae 

Moronidae 
M  or  one  chrysops 
Morone  mississippiensis 
Morone  saxatilis 


X 


X 


X 


X 


X 


X 


X 


X 


N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

I 

I 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


N 
NI 


N 


N 


N 
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Table  1. — Continued. 


Habitats 

Drainage 

Low- 

Big 

Lac  us-    Subter-    Wabash 

White 

Species 

Land 

Upland 

River 

Stream 

Creek 

trine      ranean      River 

River 

Centrarchidae 

Ambloplites  rupestris 

X 

X 

X 

X 

\ 

N 

Centrarchus  macropterus 

X 

X 

X 

X 

\ 

Lepomis  cyanellus 

X 

X 

X 

X 

X 

\ 

N 

Lepomis  gulosus 

X 

X 

X 

X 

X 

N 

N 

Lepomis  humilis 

X 

X 

X 

X 

X 

\ 

N 

Lepomis  macrochirus 

X 

X 

X 

X 

X 

X 

N 

N 

Lepomis  microlophus 

X 

X 

X 

NT.' 

I 

Lepomis  miniatus 

X 

X 

X 

X 

N 

\ 

Lepomis  symmetricus 

X 

X 

X 

X 

EP 

N 

Micropterus  dolomieu 

X 

X 

X 

X 

X 

\ 

\ 

Micropterus  punctulatus 

X 

X 

X 

\ 

N 

Micropterus  salmoides 

X 

X 

X 

X 

X 

N 

N 

Pomoxis  annularis 

X 

X 

X 

X 

X 

N 

\ 

Pomoxis  nigromaculatus 

X 

X 

X 

X 

N 

\ 

Elassomatidae 

Elassoma  zonatum 

X 

X 

X 

EP 

Percidae 

Ammocrypta  clara 

X 

X 

X 

X 

EP 

N 

Ammocrypta  pellucida 

X 

X 

\ 

\ 

Crystallaria  asprella 

X 

X 

EP 

Etheostoma  asprigene 

X 

X 

X 

X 

N 

\ 

Etheostoma  blennioides 

X 

X 

X 

N 

\ 

Etheostoma  caeruleum 

X 

X 

X 

X 

\ 

Etheostoma  camurum 

X 

X 

N 

N 

Etheostoma  chlorosoma 

X 

X 

X 

X 

N 

N 

Etheostoma  exile 

X 

X 

X 

X 

X 

N 

Etheostoma  flabellare 

X 

X 

X 

N 

N 

Etheostoma  gracile 

X 

X 

X 

X 

N 

\ 

Etheostoma  histrio 

X 

X 

X 

X 

\ 

\ 

Etheostoma  maculatum 

X 

X 

N 

N 

Etheostoma  microperca 

X 

X 

X 

N 

\ 

Etheostoma  nigrum 

X 

X 

X 

X 

X 

N 

N 

Etheostoma  spectabile 

X 

X 

X 

\ 

\ 

Etheostoma  squamiceps 

X 

X 

\ 

Etheostoma  tippecanoe 

X 

X 

N 

\ 

Perca  flavescens 

X 

X 

X 

X 

X 

\ 

I 

Percina  caprodes 

X 

X 

X 

X 

X 

X 

\ 

\ 

Percina  copelandi 

X 

X 

\ 

EP 

Percina  evides 

X 

X 

\ 

EP 

Percina  maculata 

X 

X 

X 

X 

\ 

\ 

Percina  phoxocephala 

X 

X 

\ 

\ 

Percina  sclera 

X 

X 

X 

X 

\ 

\ 

Percina  shumardi 

X 

X 

X 

\ 

\ 

Percina  uranidea 

X 

X 

EP 

Percina  vigil 

X 

X 

EP 

Sander  canadensis 

X 

X 

X 

\ 

\ 

N 

Sander  v  it  re  us 

X 

X 

X 

X 

\ 

X 

Sciaenidae 

Aplodinotus  grunniens 

X 

X 

X 

X 

N 

N 
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Table  2. 
location. 


-List  of  fish  species  described  from  the  Wabash  River  drainage  including  authority  and  type 


Species 


Authority 


Type  locality 


Scaphirhynchus  platoryn- 

chus 

Esox  americanus 
Notropis  ariommus 
Moxostoma  carinatum 
Noturus  miurus 
Etheostoma  tippecanoe 
Percina  coeplandi 
Percina  evides 
Percina  sclera 


Rafinesque  1820 


Lesueur  1846 

Cope  1868 

Cope  1870 

Jordan  1877 

Jordan  &  Evermann  1890 

Jordan  1877 

Jordan  &  Copeland  1 877 

Swain  1883 


No  specific  locality,  Ohio,  Wabash,  and  Cumber- 
land rivers,  seldom  reaching  as  high  as  Pitts- 
burgh, also  in  Mississippi  and  Missouri  rivers 
Tributaries  of  Wabash  River  near  New  Harmony 
White  River  near  Indianapolis,  Marion  County 
Wabash  River  at  Lafayette 
White  River  near  Indianapolis 
Tippecanoe  River  at  Marshland  (Delong) 
White  River,  8  km  N  of  Indianapolis 
White  River  near  Indianapolis 
Bean  Blossom  Creek,  9  km  N  Bloomington, 
Monroe  County 


speculate  that  the  extinction  may  have  been 
due  to  either  habitat  changes  or  environmental 
degradation. 

The  alligator  gar  {Atractosteus  spatula)  has 
not  been  collected  from  the  Wabash  River 
drainage  since  the  turn  of  the  19th  century.  The 
species  had  been  associated  with  the  extensive 
riverine  wetlands  surrounding  the  Wabash 
River,  but  with  the  draining  of  these  wetlands 
during  the  late  19th  century,  the  species  has 
been  locally  extirpated. 

Several  darters  were  last  collected  from  the 
lower  Wabash  River  near  New  Harmony  near 
the  late  1890s  (Gerking  1945).  The  crystal 
darter  (Crystallaria  asprella),  stargazing  dart- 
er {Percina  uranidea),  and  saddleback  darter 
(Percina  vigil)  are  large-river  fish  that  are 
found  on  riffle  habitats  (Page  1983;  Kuehne 
&  Barbour  1983).  Few  riffle  habitats  remain 
in  the  lower  Wabash  River,  perhaps  as  a  result 
of  river  meandering. 

The  popeye  shiner  (Notropis  ariommus) 
and  channel  darter  (Percina  copelandi)  were 
originally  described  from  the  White  River 
near  Indianapolis  (Cope  1867;  Jordan  1877). 
This  shiner  has  not  been  collected  from  the 
White  River  since  the  end  of  the  19th  century 
(Cope  1868).  The  channel  darter  is  an  inhab- 
itant of  large,  deep  rivers  and  has  not  been 
collected  in  the  White  River  since  being  de- 
scribed by  Jordan  (1877).  A  single  record  of 
the  channel  darter  was  published  by  Carney 
et  al.  (1993);  however,  upon  inspection  of  the 
specimen  at  the  Illinois  Natural  History  Sur- 
vey it  was  observed  that  the  specimen  was 
actually  a  slenderhead  darter  (Percina  phox- 


ocephala)  (T.P.  Simon  &  B.E.  Fisher  unpubl. 
data). 

The  banded  pygmy  sunfish  was  originally 
known  from  the  lower  Wabash  River  in  the 
extensive  backwater  swamps.  The  species  was 
reported  by  Forbes  &  Richardson  (1905, 
1920),  but  has  not  been  seen  since.  Although 
the  species  may  be  still  present  in  cypress 
swamps  along  the  lower  Ohio  River,  it  is 
doubtful  that  the  species  is  still  present  in  In- 
diana. Recent  on-going  surveys  since  the  early 
1990s  have  not  found  any  specimens.  The 
draining  of  the  extensive  backwater  wetlands 
along  the  lower  Wabash  River  is  the  probable 
cause  of  this  species  extirpation. 

Range  changes. — Seven  fish  species  have 
been  either  extirpated  from  the  Wabash  River 
drainage  or  have  experienced  range  reduc- 
tions. They  include  the  northern  brook  lam- 
prey (Ichthyomyzon  fossor),  lake  sturgeon 
(Acipenser  fulvescens),  lake  herring  (Core- 
gonus  artedii),  greater  redhorse  (Moxostoma 
valenciennesi),  northern  madtom  (Noturus 
stigmosus),  spotted  darter  (Etheostoma  ma- 
culatum),  and  gilt  darter  (Percina  evides). 
Three  species  have  increased  their  range,  in- 
cluding the  eastern  sand  darter  (Ammocrypta 
pellucida),  harlequin  darter  (Etheostoma  his- 
trio),  and  Tippecanoe  darter  (E.  tippecanoe). 

The  northern  brook  lamprey  is  known  in 
Indiana  from  the  Galena  River,  Lake  Michi- 
gan basin,  and  from  a  few  locations  in  the 
Tippecanoe  River,  Fulton  County  (unpubl. 
data).  Aggressive  lampricide  treatment  of 
streams  to  control  sea  lamprey  (Petromyzon 
marinus)  populations  in  the  Lake  Michigan 
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Table  3. — Status  of  known  and  reported  occurrences  of  cisco  in  Indiana  lakes  including  the  last  reported 
date  from  published  or  actual  specimens  (based  on  Pearson  2001). 


Last 

Lake 

County 

report 

Status 

Reference 

Manitou 

Fulton 

1901 

Extirpated 

B  latch  ley  &  Ashle>    1901 

Barbee  (= Barber) 

Kosciusko 

1875 

Extirpated 

Jordan   1875 

Little  Tippecanoe  (James) 

Kosciusko 

1955 

Extirpated 

Frey  1955;  Pearson  2001 

Oswego 

Kosciusko 

1955 

Extirpated 

Frey  1955:  Pearson  2001 

Secrist 

Kosciusko 

1975 

Extirpated 

Frey  1955;  Pearson  2001 

Tippecanoe 

Kosciusko 

1955 

Extirpated 

Jordan  1875:  Pearson  2001 

Winona  (  =  Eagle) 

Kosciusko 

1886 

Extirpated 

Jordan  &  Evermann  1886 

Maxinkuckee 

Marshall 

1886 

Extirpated 

Jordan  &  Evermann  1886 

basin  may  have  caused  the  local  extirpation  of 
native  non-parasitic  lampreys. 

Lake  sturgeon  were  once  known  from  the 
Wabash  River  near  Cayuga  and  throughout  the 
main  channel  of  the  Wabash  River  (Blatchley 
1935).  Due  to  the  species'  large  size  and  dif- 
ficulty of  collecting  individuals  from  main 
channel  habitats,  little  is  known  of  the  species 
status  in  the  Wabash  River.  It  is  assumed  that 
the  species  has  been  locally  extirpated  from 
the  Wabash  River,  but  a  small  population  ex- 
ists in  the  East  Fork  White  River  beneath  Wil- 
liams Dam  (T.R  Simon,  unpubl.  data;  B.E. 
Fisher,  pers.  comm.).  This  may  be  the  only 
population  remaining  in  the  Ohio  River  drain- 
age. 

The  lake  herring  has  seen  extensive  range 
reduction  as  a  result  of  cultural  eutrophication 
and  the  loss  of  the  thermocline  in  many  gla- 
cial lakes  (Pearson  2001).  The  species  has 
been  locally  extirpated  from  most  of  the 
known  lakes  within  the  Tippecanoe  River  sys- 
tem (Table  3). 

The  greater  redhorse  is  rare  in  the  Wabash 
River  drainage  and  was  previously  known 
from  only  a  few  locations  in  Vigo  County 
(Whitaker  &  Wallace  1973)  and  from  the  Eel 
River  watershed  upstream  of  Logansport 
(Braun  1984).  Sampling  at  previously  known 
collection  localities  in  the  Wabash  River  and 
tributaries  (Vigo  County)  has  shown  that  the 
species  has  been  locally  extirpated.  Currently, 
the  species  is  found  only  in  the  Eel  River  wa- 
tershed in  Indiana  and  has  not  been  collected 
anywhere  else  in  the  Ohio  River  drainage. 

The  northern  madtom  has  not  been  collect- 
ed from  the  Tippecanoe  River  since  the  late 
1800s  (Gerking  1945).  The  species  has  been 
recently  reported  from  the  Tippecanoe  River, 


but  specimen  identity  is  unconfirmed.  As  a  re- 
sult, the  current  status  of  the  species  is  un- 
known. The  northern  madtom  has  been  col- 
lected from  the  mainstem  Ohio  River  near 
Evansville  at  water  depths  of  18.6  m  (B.E. 
Fisher  unpubl.  data). 

The  spotted  darter  was  last  collected  from 
the  Tippecanoe  River  in  1985  from  a  large 
riffle  downstream  of  Winamec.  Fulton  Count) 
(Carney  et  al.  1993;  T.R  Simon  unpubl.  data). 
The  species  has  not  been  collected  from  the 
Wabash  River  drainage,  but  the  species  has 
been  found  in  the  East  Fork  White  River 
downstream  of  Shoals  (B.E.  Fisher  pers. 
comm.). 

The  gilt  darter  was  originall)  found 
throughout  the  West  Fork  White  River  from 
Marion  to  Morgan  County  (Marguilles  et  al. 
1980).  The  type  locality  for  the  gilt  darter  is 
the  West  Fork  White  River  near  Indianapolis. 
The  gilt  darter  has  been  extirpated  from  its 
type  locality  but  is  considered  currentl)  stable. 
being  found  only  in  the  middle  Tippecanoe 
River  from  Rochester  to  Lake  Shafer  (B.E. 
Fisher  pers.  comm.). 

The  eastern  sand  darter  has  remained  stable 
or  increased  in  distribution  throughout  the 
Wabash  River,  but  has  not  expanded  m  the 
White  River  watershed  (B.E.  Fisher  pers. 
comm.).  The  species  is  found  in  the  Tippe- 
canoe River  and  from  the  Wabash  River  main- 
stem  upstream  to  the  Eel  River,  including 
many  tributaries.  The  species  is  found  over 
clean  sand  with  moderate  current. 

The  harlequin  darter  was  considered  to  be 
extirpated  from  Indiana  for  more  than  a  cen- 
tury (Whitaker  &  Gammon  1988).  However, 
in  the  early  1990s.  Simon  &  Kile)  (1993) 
found  the  species   in  the   lower  White  River 
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and  upper  East  Fork  White  River  watershed, 
as  did  Greg  Seegert  (pers.  comm.).  Harlequin 
darters  are  found  on  woody  debris  in  moder- 
ate- to  fast-flowing  waters.  The  harlequin  dart- 
er has  been  collected  continuously  from  the 
mouth  of  the  Patoka  River  up  the  Wabash  Riv- 
er to  the  mouth  of  the  White  River,  and  con- 
tinuing upstream  of  Columbus  in  the  Sugar 
Creek  watershed.  The  species  is  currently  ex- 
panding into  the  West  Fork  White  River  and 
occurs  as  far  north  as  Richland  Creek  (B.E. 
Fisher  pers.  comm.). 

Finally,  the  tippecanoe  darter  has  probably 
not  expanded  its  range  greatly,  but  more  ef- 
ficient sampling  techniques  have  enabled 
more  extensive  collection  (Simon  2005). 
Trautman  ( 1980)  has  shown  that  abundance  in 
Ohio  can  change  dramatically  based  on  annual 
recruitment.  The  Tippecanoe  darter  is  found 
from  the  Tippecanoe  River  from  Delong 
(Marshland)  to  the  mouth  with  the  Wabash 
River  (Jordan  &  Evermann  1890),  and  has 
been  collected  in  the  lower  East  Fork  down- 
stream of  Williams  dam  to  Shoals  (B.E.  Fisher 
pers.  comm.). 

Threat  of  alien  invasion. — The  first  wave 
of  alien  invasion  occurred  with  the  transplant 
of  the  common  carp  (Cyprinus  carpio)  and 
goldfish  {Carassius  auratus)  into  North 
America.  These  species  became  established 
and  naturalized  after  being  introduced  into  the 
mainstem  rivers  and  streams  with  the  inten- 
tion that  they  might  become  food  or  game 
fish.  Both  species  reach  very  large  sizes  and 
contribute  to  commercial  fishery  in  their  na- 
tive habitats. 

The  common  carp  has  been  introduced 
throughout  North  America,  and  there  is  not  a 
drainage  or  state  that  does  not  include  this 
species.  Carp  are  ubiquitously  found  through- 
out the  Wabash  River  drainage.  Goldfish  have 
been  much  less  successful  in  colonizing  the 
streams  and  rivers  of  North  America  and  are 
nearly  absent  from  the  Wabash  River  drain- 
age. They  are  typically  found  only  in  the  most 
degraded  habitats  in  the  White  River  water- 
shed in  the  Central  Canal  in  downtown  Indi- 
anapolis. 

The  second  wave  of  Asiatic  aliens  may 
prove  to  be  much  more  devastating  to  native 
fish  species  than  the  first.  Four  large  Asian 
species  have  been  imported  by  the  aquaculture 
industry  and  have  escaped  into  the  wild.  The 
grass   carp   (Ctenopharyngodon   idella),   also 


known  as  the  white  amur,  was  imported  into 
Alabama  and  Arkansas  from  eastern  Asia  in 
1963  to  control  aquatic  vegetation  (U.S.  Fish 
&  Wildlife  Service  unpubl.  data).  An  adult 
grass  carp  has  been  reported  to  eat  45  kg  (99.2 
lbs)  of  vegetation  per  day.  The  grass  carp  is 
widespread  in  the  Wabash  and  lower  White 
rivers.  Individuals  have  been  caught  by  an- 
glers as  far  north  as  Lafayette  (Tippecanoe 
County),  and  to  the  junction  of  the  East  and 
West  Forks  of  the  White  rivers. 

The  bighead  carp  {Hypophthalmichthys  no- 
bilis)  was  brought  to  Arkansas  in  1972  from 
eastern  China  by  a  private  fish  farmer  to  con- 
trol plankton  in  culture  ponds.  The  species  es- 
caped in  the  early  1980s.  The  bighead  carp 
feed  near  the  surface  of  rivers  on  organisms 
such  as  zooplankton  and  aquatic  insect  larvae 
and  adults.  Bighead  carp  have  been  observed 
schooling  with  paddlefish  {Polyodon  spathu- 
la).  This  species  is  also  in  direct  competition 
with  bigmouth  buffalo  (Ictiobus  cyprinellus), 
gizzard  shad  (Dorosoma  cepedianum),  all  lar- 
val and  juvenile  fishes,  and  native  mussels. 
Individuals  are  known  to  grow  to  be  about 
39.5  kg  (88  lbs)  and  1.2  m  (4  ft).  Bighead  carp 
have  been  collected  in  the  middle  Wabash 
River,  middle  West  Fork  of  the  White  River, 
and  the  lower  White  River  near  Petersburg, 
Gibson  County. 

The  silver  carp  (Hypophthalmichthys  moli- 
trix)  was  brought  by  an  Arkansas  fish  farmer 
to  the  U.S.  from  Asia  in  1973  to  control  phy- 
toplankton  and  possibly  for  use  as  a  food  fish. 
Silver  carp  have  also  been  used  in  sewage  la- 
goons to  control  algae.  The  silver  carp  es- 
caped in  the  early  1980s  into  the  Mississippi 
River  basin.  This  fish  is  a  very  proficient  feed- 
er that  has  gill  rakers  that  are  fused  into 
sponge-like  porous  plates.  Silver  carp  can 
consume  2— 3X  their  weight  in  plankton  each 
day.  Because  of  its  preferred  food  items,  the 
silver  carp  is  in  direct  competition  with  all 
native  fish  larvae  and  juveniles,  adult  paddle- 
fish, bigmouth  buffalo,  gizzard  shad,  and  na- 
tive mussels.  These  fish  can  grow  to  be  over 
1  in  (3  ft)  in  length  and  about  27.24  kg  (60 
lbs). 

The  most  recent  escaped  Asian  carp  is  the 
black  carp  (Mylopharyngodon  piceus),  which 
was  brought  to  the  U.S.  in  the  early  1970s 
from  eastern  Asia.  The  black  carp  and  grass 
carp  resemble  each  other  except  that  the  black 
carp  has  fused  pharyngeal  teeth  that  are  used 
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in  crushing  shells  of  mollusks  and  crusta- 
ceans, the  primary  food  of  black  carp.  In  the 
1980s,  black  carp  was  imported  for  use  as  a 
food  fish  and  to  control  the  spread  of  trema- 
todes  (parasites)  in  snails  at  catfish  farms.  The 
only  known  record  of  escape  occurred  in  1994 
in  Missouri,  when  30  or  more  black  carp  es- 
caped with  several  thousand  bighead  carp  into 
the  Osage  River  in  Missouri.  Black  carp  have 
reached  the  size  of  1.29  m  (4.3  ft)  and  over 
35.87  kg  (79  lbs). 

The  effect  of  Asian  carp  on  the  North 
American  fish  assemblages  has  still  not  been 
fully  realized.  It  is  unclear  when  population 
numbers  from  the  second  invasion  will  stabi- 
lize. Asian  carps  have  the  potential  of  affect- 
ing phytoplankton,  zooplankton,  and  mollus- 
can  assemblages.  In  addition,  these  carps  may 
also  change  the  biomass  and  structure  of  na- 
tive fish  assemblages.  The  four  Asian  species' 
prolific  spawning  capacity  and  large  size  can 
reduce  native  species  biomass. 

The  Wabash  River  system  has  experienced 
significant  physical  and  biological  changes  as 
a  result  of  anthropogenic  effects.  Drainage  of 
wetlands  has  caused  the  loss  of  alligator  gar 
and  possibly  the  banded  pygmy  sunfish. 
Changes  in  the  lower  Wabash  River  have  re- 
sulted in  the  extirpation  of  the  crystal  darter, 
stargazing  darter,  and  saddleback  darter. 
Range  reduction  has  affected  another  seven 
species.  Change  in  water  quality,  landscape 
and  land  use  have  reduced  native  fish  species 
biodiversity  and  have  increased  Asiatic  alien 
invaders  that  have  restructured  the  fish  assem- 
blage of  the  Wabash  River  drainage.  The  re- 
lease and  escape  of  grass,  silver,  and  bighead 
carp  into  the  Mississippi  River  has  seen  these 
species  spread  into  the  lower  and  middle  Wa- 
bash River  and  the  lower  portions  of  the  East 
and  West  Forks  of  the  White  River.  An  un- 
known impact  will  be  the  invasion  of  the 
black  carp.  This  species  has  the  potential  to 
cause  the  destruction  of  native  mollusk  spe- 
cies, thus  further  affecting  native  drainage 
ecosystems. 
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SMALL  MAMMALS  OF  THE  WABASH  RIVER  BOTTOMS 

John  O.  Whitaker,  Jr.:      Department  of  Ecology  and  Organismal  Biology.  Indiana 
State  University,  Terre  Haute,  Indiana  47809  USA 

ABSTRACT.  The  most  abundant  terrestrial  small  mammals  in  the  Wabash  River  bottomlands  in  Vigo 
County,  Indiana,  in  the  early  1960's  were  the  house  mouse,  the  white-footed  mouse,  the  prairie  deer 
mouse,  and  the  meadow  vole.  The  white-footed  mouse,  house  mouse  and  meadow  vole  were  taken  at 
greater  rates  in  the  bottoms  than  in  the  uplands.  The  prairie  deer  mouse  and  the  short-tailed  shrew  were 
taken  at  greater  rates  in  the  uplands  than  in  the  bottoms.  The  swamp  rabbit  (state-endangered)  once 
occurred  in  several  southwestern  Indiana  counties,  but  currently  occurs  along  the  Wabash  River  mainly 
in  the  north  and  south  portions  of  Gibson  County.  The  population  of  swamp  rabbits  in  the  state  seems  to 
be  relatively  stable  at  about  80  animals.  The  bat  community  of  the  lower  Wabash  River  from  southern 
Vigo  County  south  to  the  Ohio  River  is  particularly  interesting.  Through  1999,  there  were  1439  bats, 
including  nine  of  the  10  species  of  bats  that  currently  occur  in  Indiana,  captured  in  the  Prairie  Creek 
region  of  southern  Vigo  County.  By  decreasing  abundance,  the  bats  are  the  evening  bat  (state-endangered), 
big  brown  bat,  northern  myotis,  red  bat,  little  brown  myotis,  eastern  pipistrelle,  Indiana  myotis  (federally- 
endangered),  silver-haired  bat,  and  hoary  bat.  All  of  these  species  occur  south  to  the  Ohio  River.  Onh 
female  and  young  evening  bats  occur  in  Vigo  County,  but  adult  males  also  occur  in  Posey  Count}  near 
the  Ohio  River. 

Keywords:     Bats,  rabbits,  rodents,  shrews,  Wabash  River  bottoms 


Starting  in  1962,  a  series  of  randomly  se- 
lected 25  X  25m  plots  in  Vigo  County  was 
used  to  learn  about  the  small  mammals  of  the 
county  (Table  1)  (Whitaker  1967).  However, 
the  Wabash  River  flows  through  Vigo  County 
from  north  to  south,  and  the  data  from  the 
river  bottoms  were  not  examined  separately 
from  the  data  for  the  entire  county. 

In  addition,  we  undertook  a  study  of  the 
bats  of  the  Wabash  and  Ohio  drainages  in 
southwest  Indiana  (Whitaker  &  Gummer 
2001).  As  part  of  this  latter  study,  on  25  July 
1994,  we  mist-netted  for  bats  on  lower  Prairie 
Creek  in  the  Wabash  River  bottoms  (Whitaker 
1997,  2004)  and  captured  15  bats  of  six  spe- 
cies, as  follows:  evening  bat  (Nycticeius  hu- 
meralis,  6),  red  bat  (Lasiurus  borealis,  2),  big 
brown  bat  (Eptesicus  fuscus,  2),  eastern  pip- 
istrelle, (Pipistrellus  subflavus,  2),  northern 
myotis  (Myotis  septentrionalis,  2),  and  Indi- 
ana myotis  (Myotis  sodalis,  1).  This  proved  to 
be  one  of  the  most  productive  localities  for 
bats  in  Indiana,  and  led  to  much  more  study 
of  the  bats  of  the  Prairie  Creek  area. 

Twelve  species  of  bats  occur  or  did  occur 
in  Indiana,  although  one  species,  the  south- 
eastern myotis  (Myotis  austroriparius)  is  ap- 
parently   extirpated,    and    the    big-eared    bat 


(Corynorhimis  rafinesquii  occurs  only  acci- 
dentally in  the  state.  In  addition,  the  only  graj 
bat  maternity  colony  in  the  state  is  at  Sellers- 
burg,  just  north  of  Louisville.  Therefore,  it 
might  occur  along  the  Ohio  River,  but  would 
not  be  likely  along  the  Wabash  River.  No 
evening  bats  or  Indiana  myotis  were  taken 
along  the  Ohio  (Table  2).  The  silver-haired  bat 
is  not  present  in  summer  in  Indiana,  as  it  has 
its  young  to  the  north  of  the  state,  and  it  oc- 
curs in  Indiana  only  during  the  spring  and  fall 
migrations.  No  silver-haired  bats  were  cap- 
tured in  the  Ohio  or  lower  Wabash  \  alle\ .  Be- 
cause netting  was  done  in  summer,  tew  if  an) 
silver-haired  bats  were  expected. 

The  objectives  of  this  paper  are  to  present 
information  on  the  Wabash  River  Bottoms  and 
to  compare  it  with  the  small  mammals  (Insec- 
tivora.  Rodentia)  oi  the  uplands  of  Vigo 
County,  Indiana,  and  also  to  compare  data  on 
the  bats  oi'  the  Wabash  River  bottoms  from 
the  Prairie  Creek  area  oi'  southern  Vigo  Coun- 
ty, on  the  lower  Wabash  River  south  to  the 
Ohio  River,  and  to  those  of  the  Ohio  River 
Valley  oi'  southern  Indiana.  These  data  can 
serve  as  baseline  data  for  future  studies. 

METHODS 
For  the   small   mammal   study,   a   scries  of 
500  randomly-selected.  25  \  25  m  plots  was 
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Table  1. — Small  mammals  trapped  in  1962-65  in  54  randomly-selected  plots  (4050  trap-nights)  from 
the  Wabash  River  bottoms  compared  to  375  plots  (28,125  trap-nights)  from  the  uplands  of  Vigo  County, 
Indiana. 


Wabash  bottoms 

Uplands  and  \ 

rigo 

County 

Number  of 

Number  per 

Number  of 

N 

umber  per 

animals 

100 

trap-nights 

animals 

100 

trap-nights 

Mus  musculus 

116 

2.9 

425 

1.5 

Peromyscus  leucopus 

77 

1.9 

237 

0.8 

Peromyscus  maniculatus  bairdii 

46 

1.1 

449 

1.6 

Microtus  pennsylvanicus 

21 

0.5 

5 

0.01 

Micro  tits  ochrogaster 

9 

0.2 

62 

0.2 

Blarina  brevicauda 

3 

0.07 

23 

0.08 

Sorex  cinereus 

3 

0.07 

1 

0.03 

Zapus  hudsonius 

1 

0.02 

3 

0.01 

Microtus  pinetorum 

0 

0 

12 

0.04 

Cryptotis  parva 

0 

0 

6 

0.02 

Synaptomys  cooperi 

0 

0 

1 

0.002 

Total 

276 

1224 

used.  They  were  chosen  from  among  the 
1,640,331  possible  plots  of  that  size  in  Vigo 
County  using  a  random  number  table.  Of 
these  500  plots,  traps  were  actually  set  in  429 
plots  (Whitaker  1967).  Most  of  the  other  71 
plots  could  not  be  studied  because  they  hap- 
pened to  occur  where  buildings,  roads,  rail- 
roads, bodies  of  water,  or  barnyards  were  lo- 
cated. In  three  cases,  permission  to  trap  was 
denied.  Fifty-four  of  the  plots  were  in  the  Wa- 
bash River  bottomlands,  including  land  in  and 
near  the  floodplain  (Table  1,  Fig.  1). 

In  each  plot,  25  snap-back  mousetraps  bait- 
ed with  peanut  butter  were  set  in  five  lines  of 
five  traps,  with  5  m  between  each  trap,  and 


2.5  m  between  the  outer  traps  and  the  edge  of 
the  plot.  Traps  were  checked  each  day  for 
three  consecutive  days,  then  removed,  hence 
each  plot  was  represented  by  75  trap-nights 
(TN)  of  effort.  Plot  sampling  occurred  be- 
tween 1962  and  1965  and  throughout  the  year, 
about  four  plots  per  week.  Traps  in  plots  were 
checked  for  three  days  after  they  were  set. 

The  plots  were  chosen  completely  at  ran- 
dom, and  habitats  were  divided  into  15  cate- 
gories assessed  at  the  time  of  trapping:  upland 
woods,  river  bottom  woods,  brush,  brushy 
field,  weedy  field,  grassy  field,  pasture,  corn, 
corn  stubble,  soybeans,  soybean  stubble,  win- 
ter wheat,   wheat  stubble,  plowed  field,  and 


Table  2. — Bats  of  Prairie  Creek,  the  Wabash  River  basin  south  of  Vigo  County,  and  the  Ohio  River 
basin  of  southwestern  Indiana.  Posey  County  was  included  in  the  Wabash  basin,  not  the  Ohio  basin.  Actual 
numbers  are  given  first,  the  number  per  netting  in  parentheses. 


Prairie  Creek 

Wabash  basin 

Ohio  basin 

Total 

Number  nettings 

176 

36 

37 

249 

Nycticeius  humeralis 

558  (3.17) 

38  (1.06) 

0 

596  (2.39) 

Eptesicus  fuscus 

254  ( 1 .44) 

30  (0.83) 

31  (0.84) 

315  (1.27) 

Myotis  septentrional  is 

237  (1.34) 

39  (1.08) 

26  (0.7) 

299  (1.20) 

Lasiurus  boreal  is 

131  (0.74) 

32  (1.17) 

45  (1.22) 

208  (0.88) 

Myotis  lucifugus 

114  (0.64) 

36  (1.0) 

13  (0.35) 

162  (0.65) 

Pipistrellus  subflavus 

92  (0.52) 

21  (0.58) 

39  (1.05) 

151  (0.61) 

Myotis  sodalis 

49  (0.28) 

9  (0.25) 

0 

58  (0.23) 

Lasionycteris  noctivagans 

3  (0.20) 

0 

0 

3  (0.01) 

Lasiurus  cinereus 

1  (0.006) 

3  (0.08) 

1  (0.03) 

5  (0.02) 

Myotis  grisescens 

0 

0 

9  (0.24) 

9  (0.04) 

Totals 

1439  (8.15) 

208  (5.78) 

164  (4.43) 

1811  (7.26) 
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Vigo  County  Indiana 


0     1      2     3     4      5 


Figure  1. — Randomly-selected  small  mammal 
plots  (n  =  54)  in  the  Wabash  River  bottoms  of  Vigo 
County. 


other  cultivated  fields.  Cover  was  assessed 
separately  for  each  plot  at  the  time  of  trap- 
ping. In  poor  cover,  the  ground  was  open.  A 
mouse  would  be  exposed  all  or  most  of  the 
time  it  was  on  the  surface.  Fair  cover  was  as- 
sessed if  a  mouse  would  be  exposed  much  of 
the  time  but  would  have  some  hiding  places. 
In  good  cover,  the  ground  was  generally  cov- 
ered with  vegetation  and  a  mouse  would  be 
hidden  most  of  the  time  it  was  on  the  surface. 
Corn,  soybean,  and  wheat  stubble,  along  with 
plowed  ground,  normally  had  poor  cover. 
Corn,  wheat,  and  soybeans  might  have  had 
poor,  fair  or  good  cover  depending  on  the  time 
of  year  of  trapping  and  also  the  amount  of 
other  vegetation  present. 

The  individual  cover  assessments  were  ap- 
plied in  determining  the  relationship  of  small 
mammals  to  cover.  All  species  showed  a  pos- 
itive relationship  to  herbaceous  ground  cover 
except  the  prairie  deer  mouse  which  uses  the 
soil  as  cover  and  showed  a  negative  associa- 
tion with  cover.  There  were  54  plots  in  the 
Wabash  River  bottoms  as  defined  by  the  gla- 
cial Wabash  River  bottoms.  Most  of  these 
plots  were  flooded  when  the  Wabash  River 
flooded.  There  were  375  plots  in  the  rest  of 
Vigo   County   which   were   termed   the    "up- 


lands." More  details  may  be  found  in  Whi- 
taker  (1967). 

Mist  nets  were  used  for  bats  (Fig.  1  ),  usu- 
ally over  streams,  but  sometimes  in  old  roads 
or  other  areas  which  might  have  served  as  fly- 
ways.  Nets  were  normally  used  for  5  h  starting 
at  dusk.  Netting  occurred  in  the  lower  Wabash 
and  Ohio  river  basins  from  1992  to  1999 
(Whitaker  &  Gummer  2001).  Netting  at  Prai- 
rie Creek  occurred  from  1993  through  1997 
(Whitaker  1997,  2004).  Netting  generally  oc- 
curred one  night  per  site,  and  between  15  May 
and  15  August. 

RESULTS 

Small    terrestrial    mammals. — The    most 

abundant  small  mammals  in  the  Wabash  bot- 
tomlands of  Vigo  County  were  the  house 
mouse  (Mus  musculus),  the  white-footed 
mouse  {Peromyscus  leucopus).  the  prairie 
deer  mouse  (Peromyscus  maniculatus  bairdii), 
and  the  meadow  vole  (Microtus  pennsylvani- 
cus)  (Table  1).  The  house  mouse,  white-footed 
mouse  and  meadow  vole  were  taken  at  sig- 
nificantly greater  rates  in  the  bottoms  than  in 
the  uplands  (x2  =  34.7,  36.3  and  154.  1  df). 
The  prairie  deer  mouse  occurred  at  a  signifi- 
cantly greater  rate  on  the  uplands  than  in  the 
bottoms  (x:  =  6.01,  1  df).  The  short-tailed 
shrew  (Blarina  brevicauda)  was  taken  at  sim- 
ilar rates  on  the  uplands  and  the  bottoms,  but 
the  sample  size  was  too  small  to  test.  The 
prairie  vole  (Microtus  ochrogaster)  was  taken 
at  a  similar  rate  in  the  bottoms  and  m  the  up- 
lands. The  masked  shrew  (Sorex  cinereus)  and 
the  meadow  jumping  mouse  (Zapus  hudson- 
ius)  were  taken  sparingly  in  the  bottoms  and 
in  the  uplands.  The  woodland  vole  (Microtus 
pinetorum),  least  shrew  (Cryptotis  parva),  and 
the  bog  lemming  (Synaptomys  cooperi),  were 
taken  in  low  numbers  in  the  uplands,  but  none 
were  taken  in  the  bottoms.  It  is  noteworth) 
that  three  masked  shrews  were  taken  m  the 
bottoms  and  only  one  was  taken  in  a  much 
greater  amount  o(  trapping  in  the  uplands. 
French  (1980)  found  the  masked  shrew  (Sorex 
cinereus)  on  the  lowlands  of  Vigo  County, 
and  the  southeastern  shrew  {Sorex  longiros- 
tris)  on  the  uplands.  This  is  particular!)  inter- 
esting since  to  the  southeast  of  Vigo  Count) 
in  the  unglaciated  hill  country — the  onlj  part 
of  the  state  where  the  masked  shrew  does  not 
occur — the  southeastern  shrew  occurs  mostl} 
on  the  lower  part  of  the  ravines  (Cudmore  & 
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Figure  2. — Localities  where  mist-netting  for  bats  occurred  at  Prairie  Creek  (n  =  176)  in  the  lower 
Wabash  River  Valley  (n  =  36)  and  in  the  Ohio  River  Valley  (n  =  37).  Large  black  circles  indicate  more 
than  one  netting  occurred. 


Whitaker  1984).  The  unglaciated  hill  country 
is  the  only  part  of  the  state  where  the  pygmy 
shrew  (Sorex  hoyi)  and  smoky  shrew  (Sorex 
fumeus)  occur,  and  they  are  mainly  on  the  up- 
per parts  of  the  ravines. 

The  most  abundant  species  of  small  mam- 
mal in  Vigo  County  in  the  early  1960's  was 
the  house  mouse  (Table  1)  (totalling  541),  fol- 
lowed by  the  prairie  deer  mouse  (n  =  495). 
However,  the  prairie  deer  mouse  occurred  at 
a  slightly  greater  rate  in  the  uplands  than  in 
the  bottoms.  Nearly  all  of  the  house  mice  were 
taken  in  weedy  or  grassy  fields  or  corn  or  soy- 
beans (Table  3),  where  there  was  much  her- 
baceous ground  cover  (often  of  grasses,  es- 
pecially foxtail  grass,  Setaria  faberi).  As  soon 
as  the  ground  cover  was  removed  by  mowing 
or  harvesting,  the  house  mice  were  gone,  as 
indicated  by  their  absence  in  areas  with  little 
ground  cover  (Whitaker  1967).  Presumably 
they    moved    to    other    areas    with    adequate 


ground  cover.  One  major  change  has  occurred 
in  farming  methods  since  this  study  was  car- 
ried out.  In  the  late  1960's  and  early  1970's, 
farmers  began  to  use  herbicides  in  many  of 
the  cultivated  fields.  This  has  greatly  reduced 
the  grassy  and  weedy  plants  in  the  corn  and 
soybeans.  We  hope  to  repeat  the  earlier  studies 
to  determine  if  there  have  been  changes  in  the 
small  mammal  community,  and  particularly  if 
the  house  mouse  has  been  reduced  as  a  result 
of  the  use  of  herbicides.  All  species  except  the 
prairie  deer  mouse  were  more  abundant  in 
greater  amounts  of  cover.  The  prairie  deer 
mouse  occurred  at  greater  rates  in  less  her- 
baceous ground  cover,  1.24/100  trap  nights 
(TN)  in  good  cover,  1.95/100  TN  in  plots  with 
fair  cover,  and  2.50/100  TN  in  plots  with  poor 
cover  (Whitaker  1967).  Deer  mice  use  the 
soil,  rather  than  vegetation,  as  cover. 

The  main  species  of  small  mammals  were 
compared  by  habitat  as  they  occurred  in  the 
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Table  3. — Occurrence  of  the  main  small  mammals  in  the  major  habitats  of  the  Wabash  River  bottoms 
and  uplands  in  Vigo  County,  Indiana.  (TN  =  trap-night,  1  trap  per  1  night)  The  data  in  this  table  do  not 
agree  with  those  in  Table  1  because  only  plots  the  major  habitats  are  included. 


Ri 

ver  bottoms 

Uplands 

#  Plots  (TN) 

#  Animals 

#/100  TN 

#  Plots  (TN) 

#  Animals 

#/100  TN 

Peromyscus  leucopus 

Woods 

12  (900) 

38 

4.2 

54 

(4050) 

65 

1.6 

Weedy  field 

8  (600) 

18 

3.0 

21 

(1575) 

19 

1.2 

Grassy  field 

5  (525) 

20 

5.3 

28 

(2100) 

in 

04 

Corn 

12  (900) 

0 

0 

26 

(1950) 

3  1 

1.6 

Corn  stubble 

6  (450) 

1 

0.2 

44 

(3300) 

] 

0.03 

Soybeans 

1  (75) 

0 

().() 

15 

(1125) 

4 

Plowed  field 

6  (450) 

0 

0 

42 

(3150) 

5 

0.2 

Peromyscus  maniculatus 

Woods 

12  (900) 

0 

0 

54 

(4050) 

0 

0 

Weedy  field 

8  (600) 

10 

1.7 

21 

(1575) 

28 

0.6 

Grassy  field 

5  (525) 

2 

0.5 

28 

(2100) 

24 

0.2 

Corn 

12  (900) 

13 

1.4 

26 

(1950) 

22 

1.1 

Corn  stubble 

6  (450) 

6 

1.3 

44 

(3300) 

38 

1.2 

Soybeans 

1  (75) 

1 

1.3 

15 

(1125) 

34 

3.0 

Plowed  field 

6  (450) 

12 

2.7 

42 

(3150) 

74 

2.3 

Mus  musculus 

Woods 

12  (900) 

2 

0.2 

54 

(4050) 

0 

0 

Weedy  field 

8  (600) 

49 

8.2 

21 

(1575) 

14 

0.9 

Grassy  field 

5  (525) 

12 

3.2 

28 

(2100) 

62 

o.o 

Corn 

12  (900) 

38 

4.2 

26 

(1950) 

101 

5.2 

Corn  stubble 

6  (450) 

0 

0 

44 

(3300) 

25 

2.2 

Soybeans 

1  (75) 

10 

2.2 

15 

(1125) 

OS 

2.1 

Plowed  field 

6  (450) 

0 

0 

42 

(3150) 

1 

0.03 

Microtus  ochrogaster 

Woods 

12  (900) 

0 

0 

54 

(4050) 

0 

0 

Weedy  field 

8  (600) 

0 

0 

21 

(1575) 

20 

1.3 

Grassy  field 

5  (525) 

7 

1.9 

28 

(2100) 

18 

0.2* 

Corn 

12  (900) 

0 

0 

26 

(1950) 

3 

0.2 

Corn  stubble 

6  (450) 

2 

0.4 

44 

(3300) 

o 

0 

Plowed  field 

6  (450) 

0 

— 

42 

(3150) 

0 

— 

Microtus  pennsylvanicus 

Woods 

12  (900) 

1 

0.1 

54 

(4050) 

0 

0 

Weedy  field 

8  (600) 

3 

0.5 

21 

(1575) 

1 

0.00 

Grassy  field 

5  (525) 

14 

3.7 

2S 

(2100) 

-) 

0.02 

Corn 

12  (900) 

0 

— 

20 

(1950) 

0 

— 

Corn  stubble 

6  (450) 

2 

0.4 

44 

(3300) 

0 

— 

Plowed  field 

6  (450) 

0 

0.0 

42 

(3150) 

0 

0.0 

Blarina  brevicauda 

Woods 

12  (900) 

2 

o.: 

54 

(4050) 

r 

0.42 

Weedy  field 

8  (600) 

0 

o 

21 

(1575) 

0 

0 

Grassy  field 

5  (525) 

0 

0 

28 

(2100) 

-> 

o.o: 

Corn 

12  (900) 

1 

0.1 

26 

(  1950) 

0 

0.0 

Corn  stubble 

6  (450) 

0 

0.0 

44 

(3300) 

0 

0.0 

Plowed  field 

6  (450) 

0 

0 

42 

(3150) 

0 

0 
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bottoms  and  in  the  uplands  (Table  3).  The 
house  mouse  was  more  abundant  (number  per 
100  TN)  in  weedy  fields  and  grassy  fields  in 
the  bottoms,  but  was  slightly  more  abundant 
in  corn  fields  in  the  uplands  than  in  the  bot- 
toms. The  white-footed  mouse  was  far  more 
abundant  in  its  main  habitats  (woods,  grassy 
field,  and  weedy  field)  in  the  bottoms  than  in 
the  uplands.  The  prairie  deer  mouse  was  more 
abundant  on  the  uplands  (number  per  100  TN) 
than  on  the  bottoms,  and  this  was  primarily 
due  to  effects  from  soybeans,  as  this  species 
occurred  at  greater  rates  in  the  bottoms  in  all 
other  habitats.  There  was  only  one  soybean 
plot  in  the  bottoms. 

Bats. — All  nine  species  of  bats  that  were 
likely  to  occur  in  the  Prairie  Creek  area  and 
in  the  lower  Wabash  did  occur  there  (Table  2). 
Of  particular  interest  is  the  evening  bat  (Nyc- 
ticeius  humeralis).  Some  40  years  ago  there 
were  10  colonies  of  evening  bats  in  Indiana 
and  one  in  adjacent  Illinois  (Whitaker  & 
Gummer  2003).  All  were  in  buildings,  and 
they  were  spread  over  southern  Indiana.  We 
checked  all  of  the  roosts;  and,  also,  we  netted 
near  all  of  them.  We  located  one  colony  in 
1987  in  a  church  in  Clay  County  (Whitaker  & 
Gummer  2003;  Clem  1992).  All  these  colo- 
nies appeared  to  be  gone  as  of  1993,  and  we 
knew  of  no  evening  bats  in  Indiana.  However, 
on  25  July  1994,  we  netted  15  bats  of  six  spe- 
cies at  Prairie  Creek,  and  these  included  six 
evening  bats  and  one  Indiana  bat,  indicating 
this  locality  was  worthy  of  more  sampling. 
Since  then  we  have  sampled  on  many  more 
evenings  there.  The  evening  bat  is  the  most 
abundant  bat  in  that  community.  We  radio- 
tagged  one  of  the  first  ones  captured,  and 
checked  every  building  in  the  area  without 
success.  Finally  we  checked  the  woods  (this 
is  probably  the  largest  woods  in  the  lower  Wa- 
bash River  Valley  at  about  650  contiguous  ha) 
and  found  the  roost  tree.  About  350  evening 
bats  came  out  of  the  tree  that  night.  From  then 
on,  we  have  not  found  any  more  evening  bats 
roosting  in  buildings  in  Indiana.  It  is  possible 
that  the  big  brown  bat  has  out-competed  the 
evening  bat  for  roosts  in  buildings.  Numerous 
evening  bats  occur  at  Prairie  Creek,  but  we 
netted  only  females  and  juveniles  there.  The 
evening  bat  also  occurs  along  the  Wabash 
south  to  Posey  County  where  it  is  quite  com- 
mon. However,  in  Posey  County  in  extreme 
southern  Indiana,  there  are  both  male  and  fe- 


male adults.  It  is  suspected  that  extreme 
southern  Indiana,  where  adults  of  both  sexes 
occur,  is  the  northern  edge  of  the  hibernating 
range  of  this  species,  and  we  further  suspect 
that  they  may  hibernate  in  trees  there.  After 
the  evening  bat,  the  most  common  species  of 
bat  at  Prairie  Creek  was  the  big  brown  bat. 
The  big  brown  bats  lived  in  buildings  in  the 
town  of  Prairie  Creek  about  5  km  to  the  south. 
Adults  flew  from  the  town  to  the  study  area 
daily,  and  after  the  young  became  volant  they 
established  a  postmaternity  colony  there.  The 
third,  fourth  and  fifth  most  abundant  bats  in 
the  Prairie  Creek  community  were  the  north- 
ern myotis,  the  red  bat,  and  the  little  brown 
myotis,  all  relatively  common  species  over 
much  of  the  state.  These  were  followed  by  the 
eastern  pipistrelle  and  Indiana  myotis,  both  of 
which  roosted  in  the  study  area.  Only  three 
silver-haired  bats  were  captured,  along  with 
one  hoary  bat. 

Larger  mammals. — Little  work  has  been 
done  specifically  on  the  larger  mammals  of 
the  Wabash  River  bottoms.  However,  mention 
must  be  made  of  swamp  rabbits  (Sylvilagus 
aquaticus),  one  of  our  most  endangered  mam- 
mals in  Indiana.  The  swamp  rabbit  once  oc- 
curred in  six  southwestern  Indiana  counties; 
but,  currently,  nearly  all  of  them  occur  in  the 
northern  (Long  Pond)  and  southern  (Pearl  Is- 
land) portions  of  Gibson  County  (Whitaker  & 
Abrell  1986).  They  used  to  be  a  favorite  ani- 
mal for  hunting,  but  the  season  has  been 
closed  for  several  years.  Terrel  (1972)  found 
that  their  main  populations  were  in  the  vicin- 
ity of  Cane  Ridge  (Gibson  County).  However, 
those  populations  were  mostly  eliminated  by 
the  construction  of  Gibson  Lake.  In  winter, 
this  species  often  defecates  on  logs,  and  Terrel 
(1972)  found  populations  of  about  one  swamp 
rabbit  per  10  acres  (4  ha)  of  area  with  rabbit 
pellets  on  logs.  Using  this  value  the  current 
population  appears  approximately  stable  at 
about  80  rabbits  in  the  state,  mostly  in  Gibson 
County. 

Coyotes  (Canis  latrans)  are  commonly 
heard  during  mist-netting  studies  at  Prairie 
Creek;  beavers  (Castor  canadensis),  white- 
tailed  deer  (Odocoileus  virginianus)  and  rac- 
coons (Procyon  lotor)  are  commonly  ob- 
served in  the  Wabash  River  bottoms  in  the 
Prairie  Creek  area. 
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DISCUSSION 

Included  in  the  Wabash  Valley  are  at  least 
40  (70.2%)  of  the  57  mammal  species  occur- 
ring in  Indiana:  the  opossum,  5  species  of  in- 
sectivores,  9  species  of  bats,  both  species  of 
rabbits,  16  species  of  rodents,  and  7  species 
of  carnivores.  Included  are  one  federally-en- 
dangered bat  (the  Indiana  myotis)  and  two 
state-endangered  species  (the  evening  bat  and 
the  swamp  rabbit).  The  evening  bat  has  the 
core  of  its  Indiana  population  in  the  woods  of 
the  lower  Wabash  valley,  and  the  entire  Indi- 
ana swamp  rabbit  population  (an  estimated  80 
rabbits)  occurs  along  the  Wabash  mostly  in 
Gibson  County. 

The  study  of  small  mammals  from  Vigo 
County  using  randomly-selected  plots  was 
done  over  40  years  ago.  It  thus  forms  baseline 
data,  prior  to  the  widespread  use  of  herbicides, 
which  can  be  compared  to  later  data.  We  hope 
to  repeat  that  study  using  the  same  plots  to 
learn  of  changes  since  the  early  1960's,  par- 
ticularly in  view  of  the  use  of  herbicides.  Ad- 
ditional work  can  be  done  in  the  Prairie  Creek 
area  and  along  the  entire  lower  Wabash.  For 
example,  we  hope  to  determine  whether 
southwestern  Indiana  is  the  northern  part  of 
the  range  of  the  evening  bat,  and  where  the 
Prairie  Creek  evening  bats  spend  the  winter. 
Also,  we  wish  to  determine  if  other  bat  spe- 
cies, such  as  the  red  bat,  might  winter  there. 
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CHANGES  IN  THE  CONDITION  OF  THE  WABASH  RIVER 
DRAINAGE  FROM  1990-2004 

Stacey  L.  Sobat,  Charles  C.  Morris,  and  Alison  K.  Stephan:     Biological  Studies 
Section,  Indiana  Department  of  Environmental  Management,  100  North  Senate 
Avenue,  Indianapolis,  Indiana  46204  USA 

Thomas  P.  Simon:      U.S.  Fish  and  Wildlife  Service,  620  S.  Walker  Street, 
Bloomington,  Indiana  47403  USA 

ABSTRACT.  The  Wabash  River  drainage  was  evaluated  based  on  three  hydrologic  watershed  units  that 
were  sampled  from  1990-2004  so  that  patterns  in  biological  integrity  and  assessment  of  aquatic  life 
designated  uses  could  be  determined.  The  three  units  included:  1)  the  West  Fork  and  lower  White  River, 
2)  the  East  Fork  White  River,  and  3)  the  remainder  of  the  Indiana  portions  of  the  Wabash  River  system 
above  its  confluence  with  the  Ohio  River.  Targeted  sampling  was  done  in  each  of  the  three  watershed 
units  from  1990-1995,  while  a  random  probability  sample  design  was  used  from  1996-2004.  Assessment 
of  the  fish  assemblage  information  for  the  three  periods  showed  increasing  biological  integrity  for  each 
of  the  three  watersheds.  The  watershed  with  the  highest  biological  integrity  was  the  East  Fork  White 
River,  followed  by  the  West  Fork  White  River,  and  Wabash  River.  Aquatic  life  designated  uses  were  met 
in  76%  of  the  East  Fork  White  River  stream  miles;  62%  of  the  West  Fork  and  lower  White  rivers;  and 
53%  of  the  Wabash  River  stream  miles. 

Keywords:     Biotic  integrity,  biological  assessment,  probabilistic  design,  Index  of  Biotic  Integrity  (IBI) 


The  mandate  of  water  quality  monitoring 
agencies  is  to  assess  the  condition  of  the  wa- 
ters of  the  United  States  and  to  report  on  their 
status.  As  new  tools  are  developed  (Morris  et 
al.  2006)  and  indices  are  calibrated  (Simon 
1992;  Simon  &  Stahl  1998;  Simon  in  review), 
increasingly  more  accurate  assessments  of  the 
status  of  these  waters  can  be  generated  which 
will  allow  for  more  emphasis  to  be  placed  on 
restoration  of  vulnerable  and  threatened  sys- 
tems, as  well  as  protection  of  high  quality  wa- 
ters. Over  the  last  two  decades  monitoring 
tools  developed  in  Indiana  have  focused  pri- 
marily on  the  use  of  biological  indicators  (Si- 
mon 1992;  Simon  &  Dufour  1998;  Simon 
2006). 

An  environment  that  supports  an  assem- 
blage of  organisms  similar  to  that  produced 
by  long-term  evolutionary  processes  is  con- 
sidered to  have  high  biological  integrity.  Bi- 
ological integrity  has  been  defined  as  "the 
ability  to  support  and  maintain  a  balanced,  in- 
tegrated adaptive  assemblage  of  organisms 
having  species  composition,  diversity,  and 
functional  organization  comparable  to  that  of 
natural  habitat  of  the  region"  (Karr  &  Dudley 
1981;  Karr  et  al.   1986).  Human  activities  of- 


ten degrade  the  environment,  resulting  in  a  de- 
tectable decline  in  biological  integrity. 

When  comparing  all  streams  in  North 
America,  large  rivers  are  disproportionately 
degraded  (Karr  et  al.  1985;  Poff  et  al.  1997). 
The  loss  of  biological  integrity  in  these  large 
river  systems  is  the  result  of  widespread  land 
use  changes  and  anthropogenic  land  scale  dis- 
turbance. Few  studies  have  evaluated  the 
long-term  changes  in  biological  integrity  in 
drainage  units  as  large  as  the  Wabash  River, 
with  emphasis  on  large  mainstem  rivers 
(Hughes  et  al.  2005). 

The  purpose  of  the  current  study  was  to 
document  changes  in  three  hydrologic  water- 
shed units  within  the  Wabash  River  drainage 
from  1990—2004.  We  compared  changes  dur- 
ing three  assessment  periods  and  the  status  of 
the  watershed  based  on  a  stratified  probability 
based  approach. 

METHODS 

Study  area. — The  Wabash  River  is  the 
largest  northern  tributary  of  the  Ohio  River 
and  is  the  longest  free-flowing  large  river  east 
of  the  Mississippi.  For  this  study,  the  Wabash 
River  drainage  was  divided  into  three  water- 
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shed  study  areas  based  on  8-digit  hydrologic 
units  as  defined  by  the  U.S.  Geological  Sur- 
vey (USGS).  The  Wabash  River  and  its  direct 
tributaries  include  the  headwater  areas  from 
the  State  of  Ohio  to  its  confluence  with  the 
Ohio  River  (Posey  County).  The  other  two 
drainage  units  include  the  largest  tributaries  of 
the  Wabash  River,  which  are  the  East  and 
West  Forks  of  the  White  River.  Together  these 
three  drainage  units  represent  nearly  two- 
thirds  of  the  total  area  of  central  Indiana  and 
encompass  portions  of  the  Eastern  Corn  Belt 
Plain  (ECBP),  which  is  primarily  rowcrop  ag- 
riculture, and  the  Interior  River  Lowland 
(IRL),  which  includes  forest  landscapes,  as 
well  as  oil,  gas,  and  coal  exploration  land  uses 
(Omernik  &  Gallant  1988). 

Study  design. — The  State  of  Indiana  uses 
a  Probabilistic  Monitoring  Program  as  one 
portion  of  the  state's  comprehensive  strategy 
to  provide  an  evaluation  of  stream  water  qual- 
ity and  biological  integrity  in  major  basins  of 
Indiana.  The  probability  design  generates  sta- 
tistically valid  estimates  of  the  percent  of  total 
stream  miles  impaired  for  aquatic  life  and  rec- 
reational uses. 

Three  hydrologic  units  in  the  Wabash  River 
drainage  were  assessed  based  on  a  random, 
stratified  probabilistic  design  (Messer  et  al. 
1991).  The  Probabilistic  Monitoring  Program 
divided  the  state  into  nine  major  watersheds 
that  are  sampled  once  every  five  years,  pro- 
viding a  complete  assessment  of  the  entire 
state. 

Sites  were  generated  using  U.S.  Environ- 
mental Protection  Agency  (USEPA)  Environ- 
mental Monitoring  and  Assessment  Program 
(EMAP)  selection  methods,  which  used  ran- 
domly selected  sites  to  assess  and  characterize 
the  overall  water  quality  and  biotic  integrity 
of  the  study  basin  (USEPA  1994;  USGS 
1994).  The  target  population  was  defined  as 
all  perennial  streams  within  the  geographic 
boundaries  of  Indiana  for  the  basin  of  interest. 
"Perennial"  for  the  purpose  of  the  Probabilis- 
tic Monitoring  Program  was  defined  as  water 
present  in  at  least  50%  of  the  stream  reach 
(reach  was  defined  as  15  times  the  average 
wetted  width  of  the  stream,  minimum  50  m, 
maximum  500  m).  The  sample  population  in- 
cluded all  rivers,  streams,  canals,  and  ditches 
as  indexed  through  the  USEPA  River  Reach 
File  3  excluding  marshes,  wetlands,  backwa- 
ters, impoundments,  dry  and  tiled  sites.  Site 


Table  1. — Total  IBI  score,  integrit)  class  and  at- 
tributes to  define  the  fish  assemblage  characteristics 
in  Indiana  streams  and  rivers  (modified  from  Kan- 
el  al.   1986). 


Total  IBI    Integrity 
score  class 


Attribute 


53-60     Excellent      Comparable  to  •"least  im- 
pacted" conditions,  ex- 
ceptional assemblage  ol 
species. 

45-52     Good  Decreased  species  richness 

(intolerant  species  in  par- 
ticular), sensitive  species 
present. 

35-44      Fair  Intolerant  and  sensitive  spe- 

cies absent,  skewed  tro- 
phic structure. 

23-34     Poor  Top  carnivores  and  main 

expected  species  absent 
or  rare,  omnivores  and 
tolerant  species  dominant. 

12-22     Very  poor    Few  species  and  individuals 
present,  tolerant  species 
dominant,  diseased  fish 
frequent. 
<12       No  fish         No  fish  captured  during 
sampling. 


selection  was  stratified  to  ensure  streams  of 
all  sizes/orders  (Strahler  1952)  were  sampled 
allowing  for  a  spatially  accurate  representa- 
tion of  the  various  stream  sizes  (USEPA  1994: 
USGS  1994). 

Three  study  periods  included  the  baseline 
study  that  was  conducted  from  1990—1995 
and  two  rounds  o(  the  probability  sampling 
that  included  the  periods  1996-1999  and 
2001-2004. 

Field  collection. — Fish  assemblages  were 
assessed  using  a  varietj  ol  electrofishing 
equipment.  Small  streams  (<3.3  m  wetted 
width)  were  sampled  using  cither  backpack  or 
long-line  electrofishing  units;  wadeable 
streams  (>3.3  m  wetted  width)  were  sampled 
using  long-line  or  tote-barge  electrofishing 
equipment:  large  river  (non-wadeable  >2580 
km:  drainage  area)  and  great  river  I  >5956.97 
km:)  reaches  were  sampled  using  boat  mount- 
ed electrofishing  units.  Sampling  was  con- 
ducted along  a  linear  reach  of  stream  based 
on  15  times  the  wetted  width  with  minimum 
distances  o\'  50  m  and  maximum  distances  of 
500  m  (500  m  each  bank  for  large  rivers).  All 
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representative  habitats  were  sampled  within 
the  stream  reach.  All  fish  encountered  were 
netted  and  placed  into  a  live  well.  At  the  com- 
pletion of  the  sampling,  all  fish  were  identified 
to  species,  counted,  batch  weighed  by  species, 
and  minimum  and  maximum  length  recorded. 
All  individuals  were  inspected  for  deformities, 
eroded  fins,  lesions,  and  tumor  (DELT)  anom- 
alies. Fish  were  identified  using  regional  iden- 
tification manuals  (Gerking  1955;  Smith  1973; 
Trautman  1981),  and  voucher  specimens  are 
curated  at  the  Indiana  Biological  Survey 
Aquatic  Research  Center,  Bloomington,  Indi- 
ana. 

Calculations  of  biological  integrity. — The 
Index  of  Biotic  Integrity  (IBI)  was  used  to  as- 
sess the  biological  integrity  of  the  stream  (Si- 
mon 1992;  Simon  &  Dufour  1998;  Simon  & 
Stahl  1998;  Simon  2006).  The  IBI  is  com- 
posed of  12  metrics  that  assess  fish  assem- 
blage structure,  trophic  composition  (feeding 
and  reproductive  guilds),  and  fish  condition 
and  health.  The  total  IBI  score,  integrity  class 
and  attributes  help  define  fish  assemblage 
characteristics.  Table  1,  modified  from  Karr  et 
al.  1986,  uses  total  IBI  score,  integrity  class 
and  attributes  to  define  the  fish  assemblage 
characteristics  in  Indiana  streams  and  rivers. 

Indiana  narrative  biological  criteria  [327 
IAC  2-1-3(2)]  states  that  "all  waters,  except 
those  designated  as  limited  use,  will  be  ca- 
pable of  supporting  a  well-balanced,  warm 
water  aquatic  community1'  (IDEM  2006a). 
The  water  quality  standard  definition  of  a 
"well-balanced  aquatic  community"  is  "an 
aquatic  community  which  is  diverse  in  species 
composition,  contains  several  different  trophic 
levels,  and  is  not  composed  mainly  of  strictly 
pollution  tolerant  species"  [327  IAC  2-1- 
9(60)]  (IDEM  2006a).  A  stream  segment  is 
non-supporting  for  aquatic  life  use  when  the 
monitored  fish  assemblage  receives  an  IBI 
score  of  less  than  35  which  is  considered  poor 
or  very  poor  (IDEM  2006b). 

Statistics  and  data  analysis. — When  esti- 
mates for  characteristics  of  the  entire  target 
watershed  are  computed,  the  statistical  anal- 
ysis must  account  for  any  loss  of  stratification 
or  unequal  probability  selection  due  to  some 
sites  not  being  sampled  (i.e.,  access  denied, 
impounded,  dry,  etc.).  This  method  applies  a 
post-hoc  statistical  correction  factor  (weight- 
ing factor)  to  an  unbalanced  sample  stratifi- 


cation resulting  in  a  corrected  probability  de- 
sign (Diaz-Ramos  et  al.  1996). 

The  US  EPA  National  Health  and  Environ- 
mental Effects  Research  Laboratory  (NHEERL) 
in  Corvallis,  Oregon,  created  a  software  pro- 
gram "psurvey.analysis"  that  is  used  to  adjust 
the  weighting  of  sites  and  develop  accurate  es- 
timates for  a  measured  parameter  in  a  target 
population.  This  software  program  contains 
functions  which  calculate  the  final  weight  value 
for  each  site  and  estimates  the  percentage  of 
integrity  class  for  each  hydrologic  unit  in  the 
Wabash  drainage  (http;//www.epa.gov/nheerl/ 
arm/analysispages/techinfoanalysis.htm). 

RESULTS  &  DISCUSSION 

Fish  assemblage. — Based  on  surveys  of 
the  entire  Wabash  River,  150  species  were 
found  from  1990-2004.  This  number  of  spe- 
cies represents  72.1%  of  the  entire  fish  fauna 
of  Indiana  (Simon  et  al.  2002).  We  collected 
135  species  from  the  Wabash  River  hydrolog- 
ic unit,  113  species  from  the  West  Fork  and 
lower  White  River  hydrologic  unit,  and  115 
species  from  the  East  Fork  White  River  hy- 
drologic unit  (Table  2). 

Status. — Based  on  the  sampling  and  IBI  re- 
sults of  three  hydrologic  units  that  comprise 
the  Wabash  River  drainage,  the  Wabash  River 
and  tributaries  drainage  unit  has  remained  rel- 
atively stable  during  the  last  15  years.  How- 
ever, the  East  Fork  White  River  (EFWR)  and 
West  Fork  White  River  (WFWR)  drainage 
units  show  an  increase  in  biological  integrity 
with  higher  percentages  of  fair,  good,  and  ex- 
cellent integrity  classes  (Table  3).  The  EFWR 
had  the  highest  percentage  (17%)  of  excellent 
streams,  while  the  Wabash  River  had  the  low- 
est (1%).  Watershed  ranking  of  sites  that  met 
designated  uses  for  aquatic  life  (IBI  Score 
>35)  included  EFWR  (76%),  WFWR  (62%), 
and  Wabash  River  (53%)  (Table  3).  The  Wa- 
bash River  possessed  the  highest  percentage 
of  poor  sites  based  on  biological  integrity 
(36%),  followed  by  the  WFWR  (27%),  and 
the  EFWR  (22%). 

Wabash  River:  Three  sampling  periods  in- 
cluded targeted  sampling  during  1990-1995, 
and  two  probabilistic  survey  periods  during 
1998-1999,  and  2003-2004  (Fig.  1).  Surveys 
of  the  Wabash  River  from  1990-1995  resulted 
in  an  average  IBI  score  that  classified  sites  as 
fair  (Fig.  1).  None  of  the  Wabash  River  main- 
stem  sites  rated  as  excellent.  The  frequency 
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Table  3. — Probability  estimates  of  condition  +/—  95%  confidence  interval  for  three  hydrologic  units  in 
the  Wabash  River  drainage  in  Indiana  (CI  =  confidence  interval,  n  =  number  of  sites;. 


Wabash 

and  tributaries 

1st  cycle 
(1996-1999) 

2nd  cycle 

(2001-2004) 

Combined 

Integrity  class 

95%  CI 

n 

95%  CI 

n 

95%  CI 

n 

Excellent 
Good 
Fair 
Poor 
Very  poor 

1%  ±   1                    2                 2%  ±  2 
10%  ±6                 13               14%  ±  7 
46%  ±11               37               35%  ±  1  1 
35%  ±11               30              37%  ±  12 

8%  ±7                   5               12%  ±  8 

East  Fork  White  River 

2 
17 

27 

23 

6 

\%     ±     1 

13%  ±  5 
39%  ±  8 
36%  ±  8 
1 1  %  ±6 

4 
30 

64 

53 

1  1 

1st  cycle 
(1996-1999) 

2nd  cycle 
(2001-2004) 

Combined 

Integrity  class 

95%  CI 

n 

95%  CI 

n 

95%  CI 

n 

Excellent 
Good 
Fair 
Poor 
Very  poor 

1  %  ±  1                    1               22%  ±8                 11 

9%  ±  7                   5               20%  ±12                 8 

30%  ±  15               10              37%  ±  16               12 

53%  ±  16               14               19%  ±14                 6 

7%  ±  9                   2                 2%  ±  3                   1 

West  Fork  White  River  and  Lower  White  River 

17%  ±   10 
167c  ±  7 

43%  =   12 

22%  ±  7 

2%  ±  2 

12 

13 

-i  -> 

20 
3 

1st  cycle 
(1996-1999) 

2nd  cycle 
(2001-2004) 

Combined 

Integrity  class 

95%  CI 

n 

95%  CI 

n 

95%  CI 

n 

Excellent 
Good 
Fair 
Poor 
Very  poor 

0% 

12%  ±  10 
35%  ±  15 
48%  ±  17 

5%  ±  8 

0 
6 

12 

12 

1 

6%  ±  8 
15%  ±  10 
54%  ±   17 

8%  ±  7 
17%  ±  12 

7 

18 
4 
5 

3%  ±  4 
14%  ±  7 
45%  =   12 
27%  ±  1 1 
11%  ±  7 

2 
13 
30 

16 
6 

distribution  for  each  of  the  IBI  condition  cat- 
egories from  1990-1995  included  good— ex- 
cellent (3.6%),  good  (7.1%),  good-fair 
(14.3%),  fair  (32.1%),  fair-poor  (21.4%),  poor 
(17.9%),  and  very  poor  (3.6%).  Biological  in- 
tegrity for  the  Wabash  River  mainstem  was 
low  in  1993  from  Fountain  County  to  Posey 
County  (Simon  &  Stahl  1998),  possibly  influ- 
enced by  prolonged  early  summer  flooding 
(Gammon  &  Simon  1998).  For  the  Wabash 
River  mainstem,  the  lowest  IBI  scores  occured 
near  old  Grand  Rapids  dam  (IBI  =  22);  and 
there  was  a  large  depression  in  biological  in- 
tegrity along  Vermillion  County  down  river  to 
northern  Vigo  County  (Simon  &  Stahl  1998). 
Overall,  streams  in  the  watershed  improved  in 
the  excellent  and  good  condition  categories 
during  1998-99,  but  categories  that  failed  to 
meet    aquatic    life    designated    uses    also    in- 


creased (Table  3).  Continued  improvements 
were  observed  during  2003-2004  with  in- 
creases in  excellent  and  good  categories,  and 
declines  in  the  fair  condition  categor)  I  big.  1  >. 
Unfortunately,  the  poor  and  verj  poor  condi- 
tion categories  also  increased  (Table  3).  The 
three  frequency  distribution  curves  o\  total  IBI 
score  for  the  Wabash  River  watershed  over 
three  survey  periods  show  increases  m  the  fair 
and  good  integrity  classes  (ranging  from  35  to 
53)  (Fig.  4). 

East  Fork  White  River:  Biological  integrity 
increased  in  the  EFWR  from  1990-2002  dag. 
2).  During  1900-1 90S.  the  fish  assemblage 
conditions  ranged  from  poor— verj  poor  (EB1 
=  25)  to  good  (IBI  =  51).  The  frequency  dis- 
tribution was:  good  ild."%).  fair  (11.1%). 
fair-poor  (50.0%).  poor  ilo.~l<i.  poor-\er\ 
poor  (5.6%).  Sampling  conducted  during  L997 
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120        160 

kilometers 


Figure   1. — Status  of  the  Wabash  River  hydrologic  unit  based  on  three  survey  periods;   1990-1995, 
1998-1999,  and  2003-2004. 


produced  similar  results  to  the  1990-1995  pe- 
riod (Fig.  2),  with  the  only  difference  being 
an  increase  in  the  amount  of  poor  condition 
sites.  During  2002,  excellent  and  good  con- 
dition sites  increased  in  frequency  and  poor 
and  very  poor  condition  sites  decreased  (Table 
3).  Overall,  there  were  fewer  poor  sites  in 
1990-1995  than  in  both  1997  and  2002.  How- 
ever, more  good  and  excellent  integrity  classes 
were  found  in  2002  than  in  1990-1995  and 
1997  (Fig.  5). 


West  Fork  White  River:  Biological  integrity 
in  the  WFWR  and  lower  White  River  im- 
proved with  the  largest  increases  occurring 
between  the  poor  and  fair  integrity  categories 
(Fig.  3).  During  1990-1995,  an  increase  in  bi- 
ological integrity  was  observed  downstream 
from  the  East  and  West  Fork  junction  to  the 
mouth  of  the  lower  White  River  (Simon 
1992).  The  condition  of  fish  assemblages  in 
the  lower  White  River  (1990-1995)  ranged 
from  poor  to  fair  (IBI   =    27-44),   and  IBI 


Site  Classification 

#  Excellent 

▼  Good 

O  Fair 

□  Poor 

|  Very  Poor 

Figure  2. — Status  of  the  East  Fork  White  River  hydrologic  unit  based  on  three  survey  periods;  1990- 
1995,  1997,  and  2002. 
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Figure  3. — Status  of  the  West  Fork  White  River  hydrologic  unit  based  on  three  survey  periods:  1990- 
1995,  1996,  and  2001. 


scores  approximated  a  normal  curve  with  a 
frequency  distribution  including,  fair  31.3%  (n 
=  5),  fair-poor  37.5%  (n  =  6),  and  poor 
31.3%  (n  =  5)  (Simon  1992).  The  condition 
of  the  fish  assemblages  in  the  WFWR  (1990- 
1995)  ranged  from  poor-very  poor  (IB I  =  24) 
to  good  (IBI  =  46),  and  the  IBI  frequency 
distribution  for  the  1990-1995  period  for  the 
WFWR  included:  good  (5.6%),  fair  (11.1%), 
fair-poor  (16.7%),  poor  (22.2%),  and  poor- 
very  poor  (33.3%).  During  1996,  the  biolog- 
ical integrity  of  the  WFWR  watershed  im- 
proved with  the  increase  of  the  good  and  fair 
categories  and  the  decline  of  the  very  poor 
category  (Table  3).  The  frequency  distribution 
of  total  IBI  scores  for  the  West  Fork  and  lower 
White  rivers  over  the  three  survey  periods  in- 
dicates a  decrease  in  fair  and  good  integrity 
classes  from  1990-1995  to  1996.  However, 
the  high  integrity  classes  rebound  in  2001  to 
levels  greater  than  those  seen  from  1990- 
1995  and  1996  (Fig.  6). 

Assessment  of  the  three  watershed 
units. — The  benefit  of  the  random  probability 
design  was  a  narrower  confidence  interval  for 
estimated  parameters  with  increasing  number 
of  data  points;  however,  this  assumes  that  no 
changes  in  water  quality  affected  the  biolog- 
ical assemblages  (Messer  et  al.  1991).  As- 
sessments of  each  watershed  can  be  evaluated 
based  on  either  each  of  the  three  time  periods 
or  based  on  a  combination  of  the  random 
probability  design  sites  during  each  of  the  two 
sample  rounds  (Table  3). 


Each  watershed  estimate  reflects  a  high  de- 
gree of  confidence;  however,  combination  of 
the  data  for  the  ten  year  period  from  1996- 
2006  can  be  used  to  determine  trends  in  aquat- 
ic life  designated  uses.  Based  on  the  combined 
assessment  conditions,  the  Wabash  River  v*  a- 
tershed  unit  has  about  53%  of  all  stream  miles 
meeting  aquatic  life  designed  uses:  EFWR  has 
76%  of  all  stream  miles  meeting  aquatie  life 
designated  uses  (IBI  >  35):  and  WFWR  has 
62%  of  all  stream  miles  meeting  aquatie  life 
designated  uses  (Table  3).  The  EFWR  has 
33%  of  all  stream  miles  classified  as  either 
good  or  excellent  based  on  biological  integ- 
rity, while  the  WFWR  has  17r<  of  stream 
miles  and  the  Wabash  River  has  14r<  elassi- 
fied  as  good  or  excellent.  The  Wabash  River 
had  47%  of  stream  miles  failing  aquatie  life 
designated  uses  (classified  as  poor  or  \er\ 
poor),  WFWR  had  38%  failing,  and  EFWR 
had  24%  as  either  poor  or  \er\  poor  (Table 
3). 

An  increasing  need  for  Water  Quality  agen- 
cies to  report  on  the  entire  waters  of  the  nation 
requires  monitoring  and  assessment  tools  that 
can  be  used  to  provide  accurate  classification 
of  water  resources.  The  Wabash  River  drain- 
age is  perhaps  one  of  the  most  important  wa- 
ters in  the  State  of  Indiana.  Water  quality 
agencies  are  increasingly  challenged  with  the 
responsibility  for  providing  clean  water  and 
for  restoring  the  biological  iniegru\  of  the  na- 
tion's surface  waters.  The  use  of  a  probabilis- 
tic sample  design  allows  all  waters  to  be  elas- 
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Figures  4-6. — Cumulative  percent  frequency 
distribution  of  total  IBI  scores.  4.  Wabash  River  wa- 
tershed; 5.  East  Fork  White  River  watershed;  6. 
West  Fork  and  lower  White  River  watershed.  (Solid 
line  =  Ecoregion  data:  1990-1995,  Dotted  line  = 
Is'  round  probabilistic:  1996-1999,  Dashed  line  = 
2nd  round  probabilistic:  2001-2004. 


sifted  and  accurate  reporting  and  inventory  to 
be  classified.  Trends  in  biological  integrity  can 
be  followed  as  management  and  restoration 
programs  are  implemented. 
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DEVELOPMENT,  CALIBRATION  AND  VALIDATION 

OF  AN  INDEX  OF  BIOTIC  INTEGRITY 

FOR  THE  WABASH  RIVER 

Thomas  P.  Simon:      U.S.  Fish  and  Wildlife  Service,  620  South  Walker  Street, 
Bloomington,  Indiana  47403  USA 


ABSTRACT.  Fish  assemblage  data  were  collected  using  daytime  electrofishing  during  1993-2001  from 
275  river  reaches  found  throughout  the  Interior  River  Lowland  and  Eastern  Corn  Belt  Plain  ecoregions  to 
construct,  test,  and  apply  an  index  of  biotic  integrity  (IBI).  The  index  was  developed  from  a  rapid  as- 
sessment procedure  that  was  used  to  assess  the  environmental  quality  of  large  and  great  river  ecosystems 
in  the  state.  The  reference  condition  was  based  on  275  sites  that  were  representative  of  the  Wabash  River, 
but  were  not  pristine  or  least-impacted.  These  sites  were  not  randomly  chosen,  but  met  specific  least- 
impacted  criteria  to  develop  the  IBI.  We  used  another  36  sites  exposed  to  point-source  discharges  to  test 
the  index.  Prior  to  sampling,  sites  were  classified  as  "least-impacted"  or  as  affected  by  point  source 
pollution  from  industrial  discharges.  Of  the  24  potential  IBI  metrics  considered,  12  metrics  were  chosen 
based  on  statistical  relevance  for  large  and  great  rivers.  For  the  test  subset,  the  least-impacted  sites  had 
significantly  higher  mean  scores  and  lower  temporal  variation  than  the  point-source  site  classification, 
showing  they  possessed  the  best  ecosystem  quality.  Point-source  sites  had  the  lowest  means  and  most 
variable  scores,  signifying  degraded  ecosystem  quality.  Least-impacted  sites  had  the  highest  IBI  scores 
and  the  lowest  variability,  while  representative  sites  typical  of  agricultural  land  uses  had  slightly  but  not 
significantly  worse  scores.  Regional  estimates  of  stream  conditions  showed  that  42%  of  the  stream  reaches 
in  the  Interior  River  Lowland  ecoregion  had  fish  assemblages  in  poor  or  fair  ecological  condition,  while 
large-river  reaches  in  the  Eastern  Corn  Belt  Plain  ecoregion  had  36%  fair  and  23%  good. 


Keywords: 

Plain 


Biological  integrity,  reference  condition,  IBI,  Interior  River  Lowland,  Eastern  Corn  Belt 


The  index  of  biological  integrity  (IBI)  is  a 
multimetric  index  that  integrates  structure, 
composition,  trophic  ecology,  and  reproduc- 
tive attributes  of  fish  assemblages  at  multiple 
levels  of  ecological  organization  (Karr  1981; 
Karr  et  al.  1986;  Simon  &  Lyons  1995;  Simon 
1999).  Indices  of  biological  integrity  can  be 
viewed  as  a  family  of  indices  for  rating  the 
health  of  an  aquatic  ecosystem  (Simon  2001). 
These  indices  provide  a  valuable  framework 
for  assessing  the  status  and  evaluating  the  res- 
toration of  aquatic  communities  (Fausch  et  al. 
1990;  Karr  &  Chu  1999;  Simon  et  al.  2003). 
Standard  procedures  are  used  to  compare  ex- 
isting biological  conditions  in  order  to  assess 
the  current  status  of  the  biota. 

Indices  of  biotic  integrity  have  been  widely 
based  on  fish  assemblages  in  "wadeable" 
streams,  but  applications  to  large  and  great 
warm  water  rivers  are  few  (Simon  &  Lyons 
1995;  Hughes  &  Oberdorff  1999;  Emery  et  al. 
2003).  Simon  &  Stahl  (1998)  calibrated  an  IBI 
for  the  Wabash  River.  This  calibration  was  a 


preliminary  index  that  was  based  on  a  limited 
number  of  sites  and  only  a  portion  of  the  river 
from  Lafayette  (Tippecanoe  County)  to  Wa- 
bash Island  (Posey  County).  Gammon  (2000) 
calibrated  an  index  for  the  middle  Wabash  Riv- 
er, but  this  calibration  was  not  based  on  an  en- 
tire fish  assemblage  assessment;  rather  it  fo- 
cused on  large,  long-lived  fish  species.  The 
State  of  Illinois  does  not  have  a  large-river  cal- 
ibration for  their  water  monitoring  program. 

In  this  paper,  an  IBI  is  presented  that  is  de- 
signed to  assess  the  quality  of  fish  assemblag- 
es in  the  Wabash  River.  The  index  was  de- 
veloped using  a  large  statewide  database  of 
standardized  fish  assemblage  samples  from 
numerous  reaches  of  varying  human  impact. 
An  objective  procedure  was  followed  to  select 
and  score  the  metrics  that  comprise  the  IBI, 
choosing  metrics  that  represent  a  variety  of 
the  structural,  compositional,  and  functional 
attributes  of  large  and  great  rivers  (Karr  & 
Chu  1999).  The  index  was  then  validated  with 
independent  data  from  36  other  river  reaches 
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that  had  anthropogenic  disturbances,  using  as 
validity  criteria  the  accurate  and  precise  rank- 
ing of  these  other  reaches  in  accordance  with 
their  degree  of  environmental  degradation 
based  on  water  quality,  habitat,  and  use  mea- 
sures. Finally,  this  IBI  was  applied  to  the  en- 
tire dataset  to  assess  the  relative  effects  of  hu- 
man impacts  on  river  health. 

METHODS 

Survey  design. — Between  1993  and  2001, 
teams  of  U.S.  Environmental  Protection 
Agency  (USEPA),  U.S.  Fish  and  Wildlife  Ser- 
vice, Indiana  Department  of  Environmental 
Management,  and  Indiana  Department  of  Nat- 
ural Resources  professionals  sampled  275 
large  and  great  river  (as  defined  by  Simon  & 
Emery  2000)  sites  as  part  of  routine  monitor- 
ing on  the  Wabash  River.  The  Wabash  River 
includes  sites  in  wadeable  stream  (<2590 
km2),  large-  and  great  river  categories.  Data 
used  for  this  project  were  part  of  the  USEPA's 
ecoregion  project  in  Indiana  (Simon  &  Stahl 
1998),  probabilistic  assessment  for  water 
quality  impairment,  and  monitoring  of  sport 
fishes  in  the  Wabash  River  (Fig.  1).  Sampling 
protocols  followed  boat  electrofishing  meth- 
ods developed  by  USEPA  (1988).  In  response 
to  criticisms  of  the  Simon  &  Stahl  (1998)  pa- 
per, large-river  criteria  development  in  the 
Wabash  River  (EA  Engineering,  Science,  and 
Technology,  Inc.  1999)  were  reassessed  by  ex- 
ternal peer  review,  and  comments  were  re- 
sponded to  by  Simon  &  Stahl  (2001).  The  ar- 
guments presented  in  EA  Engineering, 
Science,  and  Technology,  Inc.  (1999)  were  not 
found  to  be  credible  by  the  external  review 
panel.  Protocols,  data,  and  analysis  of  results 
were  found  to  be  consistent  and  reproduceble. 
The  conclusion  of  the  external  peer  review 
panel  was  fully  supported  by  both  the  State  of 
Indiana  and  the  U.S.  Environmental  Protec- 
tion Agency. 

The  Wabash  River  traverses  two  ecoregions 
in  Indiana,  including  the  Interior  River  Low- 
land and  the  Eastern  Corn  Belt  Plain  (Omer- 
nik  &  Gallant  1988).  The  Interior  River  Low- 
land (IRL)  extends  from  central  Indiana  along 
the  Wabash  River  floodplain  to  the  Ohio  River 
and  includes  the  Mississippi  River  floodplain. 
The  IRL  has  varied  land  use  including  forest- 
ry, diverse  cropland  agriculture,  orchards, 
livestock  production,  and  oil  and  gas  produc- 
tion. The  IRL  consists  of  dissected  glacial  till 


plains,  which  are  covered  by  thick  mantle 
loess,  rolling  narrow  ridgetops.  and  hilly  to 
steep  ridge  and  valley  slopes.  Woods  et  al. 
(1995)  subdivided  the  ecoregion  into  two  sub- 
regions  that  include  the  area  along  the  Wabash 
River  floodplain  to  the  White  River  mouth. 
The  Eastern  Corn  Belt  Plain  (ECBP)  extends 
from  Lafayette  to  the  river's  headwaters  in 
Ohio.  The  ECBP  consists  of  gently  rolling 
glacial  till  plain,  which  is  broken  by  moraines. 
kames,  and  outwash  plains. 

Large  rivers  are  defined  as  drainage  units 
with  watersheds  greater  than  2590  km:  (  1000 
mi2)  but  less  than  5957  km2  (2300  mi2)  (Si- 
mon &  Emery  2001),  which  are  effectivel) 
sampled  using  a  boat-mounted  electrofishing 
unit.  Great  rivers  include  drainage  areas  great- 
er than  5957  km2.  Following  the  definition  of 
Lyons  et  al.  (1996)  and  Mundahl  &  Simon 
(1999),  the  thermal  classification  for  all  por- 
tions of  the  Wabash  River  is  warmwater. 
which  means  that  summer  temperatures  are 
too  warm  to  allow  the  survival  of  salmon  id 
fishes.  Site  selection  was  chosen  to  maximize 
different  locations  along  the  Wabash  River  so 
that  various  river  reaches  incorporating  differ- 
ent sizes  along  the  regional  gradient  were 
sampled.  These  sites  are  representative  of  the 
condition  of  the  Wabash  River:  however,  sites 
were  picked  to  deliberately  encompass  the  full 
range  of  natural  habitat  and  flow  conditions 
that  exist  among  the  Wabash  River  The  in- 
clusion of  the  entire  suite  of  sites  enables  the 
entire  range  of  conditions  to  be  used  to  de- 
velop both  negative  and  positive  metrics. 
Also,  inclusion  of  sites  were  selected  so  that 
all  geographic  portions  of  the  drainage  were 
included.  By  including  drainage  areas  ranging 
from  1 139.6  to  85.231.7  km:.  we  pro\  ide  data 
from  sites  that  are  smaller  than  typical  large- 
river  sites.  Site  information  does  not  suggest 
that  this  is  a  violation  of  the  River  Continuum 
Concept,  since  these  sites  do  not  reflect  an 
accretion  of  data  sufficient  to  warrant  a  dram- 
age  area  metric  calibration.  B\  testing  ecore- 
gion and  drainage  area  hypotheses,  this  en- 
ables the  creation  of  a  single  1B1  that  does  not 
warrant  unnecessary  separation  of  expecta- 
tions based  on  ecoregion  or  size.  Although  the 
literature  shows  that  small  headwater  (<54 
km-)  and  wadeable  streams  (^54-2590  knr'i 
demonstrate  a  strong  species  area  relationship 
with  drainage  area,  the  size  of  the  main  stem 
Wabash  River  data  used  in  this  study  is  clearh 
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larger  than  these  size  categories;  thus  it  is  not 
surprising  that  a  drainage  area  calibration  cor- 
rection was  not  warranted. 

A  five  step  process  in  IBI  development  was 
followed,  including  validation,  and  applica- 
tion that  was  modified  by  Lyons  et  al.  (2001) 
after  the  recommendations  in  Hughes  et  al. 
(1998)  and  Karr  &  Chu  (1999).  First,  an  ap- 
propriate sampling  methodology  was  identi- 
fied and  tested.  Second,  this  methodology  was 
used  to  collect  fish  assemblage  data  in  a  stan- 
dardized manner  from  river  reaches  across  the 
two  ecoregions.  Some  reaches  had  minimal 
human  impact  (least-impacted),  while  others 
had  varying  amounts  of  different  types  of  hu- 
man impact  from  point  and  non-point  source 
pollution  (impacted).  Third,  we  used  our  fish 
assemblage  data  to  evaluate  potential  metrics 
and  develop  an  IBI.  We  used  data  from  our 
least-impacted  sites  to  characterize  relatively 
high-quality  fish  communities  and  to  investi- 
gate the  influence  of  natural  factors  on  com- 
munity attributes.  We  contrasted  data  from 
least-impacted  sites  with  data  from  degraded 
impacted  sites  to  quantify  the  metric  range 
and  sensitivity  to  human  impacts.  We  then  se- 
lected final  metrics,  developed  metric  scoring 
criteria,  and  completed  the  IBI.  Fourth,  this 
IBI  was  tested  with  a  new  set  of  independent 
field  data  that  had  not  been  used  in  the  de- 
velopment phase.  Finally,  IBI  scores  were 
compared  and  ratings  among  river  reaches 
that  had  been  grouped  by  type  of  human  im- 
pact in  order  to  assess  the  relative  effect  of 
each  impact  on  biotic  integrity. 

Study  area. — Sampling  on  the  Wabash 
River  included  275  large  and  great  river  sites 
collected  between  1993  and  2001  for  the  de- 
velopment of  the  reference  condition,  and  an 
independent  set  of  36  point-source  sites  col- 
lected during  2002  and  2005  was  used  to  val- 
idate the  index  (Fig.  1).  The  Wabash  River 
extends  from  the  headwaters  in  Ohio  to  the 
mouth  of  the  river  at  Wabash  Island.  The  Wa- 
bash River  is  the  longest  free-flowing  river 
east  of  the  Mississippi  River  and  is  the  largest 
northern  tributary  of  the  Ohio  River.  The  river 
begins  in  northwestern  Ohio  in  the  Eastern 
Corn  Belt  Plain  and  flows  west  to  southwest; 
the  river  bends  and  flows  south  through  the 
Interior  River  Lowland.  The  Wabash  River  at 
the  Indiana  state  line  is  between  678.6  km2 
(262  mi2)  to  85,236.9  km2  (32,910  mi2)  at  the 
junction  with  the  Ohio  River.   Land  uses  in 


Figure  1 . — Distribution  of  sites  sampled  as  part 
of  the  development,  validation,  and  application  of 
an  Index  of  Biotic  Integrity  for  the  Wabash  River 
in  Indiana. 


these  areas  are  principally  dominated  by  ag- 
riculture, with  some  urban,  and  forested  areas. 
Data  collection. — Daytime  fish  assemblage 
sampling  was  done  along  a  500  m  river  reach 
at  each  site,  based  on  time  criteria  using  boat- 
mounted,  pulsed-DC  electrofishing  equip- 
ment. Preliminary  sampling  to  establish  stan- 
dard operating  procedures  were  conducted 
between  1988  and  1990  (Davis  &  Simon 
1989;  Simon  1991;  Simon  &  Saunders  1999). 
Data  from  this  preliminary  sampling  were  not 
used  in  IBI  development,  validation,  or  appli- 
cation. Large-river  (>2509.3  km2  and  <5957 
km2  drainage  area)  and  great  river  (>5957 
km;2  drainage  area)  sites  were  sampled  using 
a  Smith-Root  DC  mounted  electrofishing  unit 
in  a  jon  boat  (Simon  &  Sanders  1999).  The 
boat  electrofishing  method  of  U.S.  Environ- 
mental Protection  Agency  was  used  by  all 
agencies,  with  the  only  exception  being  that 
the  state  Department  of  Natural  Resources 
added  two  seine  hauls  at  each  sampling  site 
to  better  quantify  small  non-game  minnow 
and  darter  diversity.  A  validation  of  this  ap- 
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proach  was  conducted  by  repeat  sampling  of 
five  sites  that  were  sampled  using  this  proce- 
dure by  DNR.  We  used  an  ANOVA  to  com- 
pare differences  between  metric  results  and  to- 
tal IBI  score  for  each  site.  No  significant 
difference  was  observed  between  DNR  elec- 
trofishing  +  seine  samples  compared  to  elec- 
trofishing  only  results.  The  addition  of  seining 
to  the  standard  method  by  DNR  personnel  was 
to  ensure  that  total  catch  included  small  non- 
game  species  in  order  to  compensate  for  in- 
herent personnel  bias  towards  large  game  spe- 
cies. Easily  recognized  species,  including 
sport  fish  were  identified  and  released.  Vouch- 
er specimens  of  smaller  individuals  of  each 
species  and  unidentified  specimens  were  re- 
tained for  museum  verification.  Collections 
were  archived  at  the  Indiana  Biological  Sur- 
vey, Division  of  Fishes,  Aquatic  Research 
Center,  Bloomington,  Indiana. 

A  500  m  reach  length  is  the  point  distance 
that  has  been  shown  to  be  representative  of  a 
large-river  habitat  cycle  (Simon  &  Sanders 
1999).  The  adequacy  of  our  stream  length  cri- 
teria was  tested  by  sampling  three  continuous 
500  m  segments,  for  a  total  of  1500  m.  This 
distance  ranged  from  2-40X  the  wetted 
stream  width.  The  cumulative  number  of  spe- 
cies captured  from  each  consecutive  segment 
was  evaluated  and  analyzed  with  non-linear 
regression  equations  to  estimate  asymptotic 
species  richness  and  the  sampling  distance 
that  would  attain  95%  of  this  richness.  The 
95%-richness  distance  is  a  very  conservative 
sampling  length.  The  minimum  sampling  dis- 
tance selected  was  500  m  because  no  signifi- 
cant difference  was  observed  with  species 
richness  or  percent  metrics  with  the  addition 
of  distance.  Since  these  river  reaches  do  not 
typically  possess  riffle-run-pool  habitat,  reach 
structure  increases  species  diversity  by  the 
presence  of  woody  debris  and  scour  pools. 

For  sampling,  time  duration  ranged  from 
60-90  min,  depending  on  stream  complexity. 
The  objective  was  to  collect  a  representative 
sample  of  the  fish  assemblage  using  methods 
designed  to  collect  all  except  very  rare  species 
and  provide  an  unbiased  measure  of  the  pro- 
portional abundances  of  species. 

During  sampling,  a  single  person  positioned 
on  the  bow,  used  a  dip  net  with  6  mm  mesh 
(stretch)  and  attempted  to  capture  all  fish  seen. 
This  mesh  size  was  effective  in  retaining 
small   species   and   individuals   such   as   min- 


nows, darters,  and  topminnows.  Captured  fish 
were  identified  to  species,  counted,  weighed 
in  aggregate  by  species,  and  inspected  lor  de- 
formities, eroded  fins,  lesions,  and  tumor 
(DELT)  anomalies  (Sanders  et  al.  1999).  Con- 
sistent with  other  IBI's,  specimens  less  than 
25  mm  TL  were  considered  young-of-year 
(Fausch  et  al.  1984;  Karr  et  al.  1986).  with  the 
exception  of  some  species  that  onh  attain 
these  sizes,  i.e.,  mosquitofish  {Gambusia  af- 
finis).  These  young-of-year  individuals  were 
excluded  from  the  analysis. 

Data  analyses. — Regional  literature  re  Ter- 
ences were  used  to  classify  adult  fish  into  tax- 
onomic  and  ecological  categories  for  compu- 
tation of  metrics  (Appendix;  Gerking  1945: 
Simon  1999b;  Goldstein  &  Simon  1999).  An 
analysis  of  variance  (ANOVA)  was  used  to 
test  for  sub-ecoregional  differences  in  richness 
metrics,  adjusted  for  catchment  area.  Finding 
no  such  differences,  data  from  all  ecoregions 
were  aggregated.  All  of  our  impacted  sites  (/i 
=  36)  were  classified  into  one  of  four  cate- 
gories according  to  the  predominant  type  of 
human  impact.  Classification  was  done  prior 
to  sampling  and  was  based  on  physical-chem- 
ical attributes  related  to  hydrology  and  water 
and  habitat  quality.  "* Agricultural""  sites  were 
located  in  watershed  with  at  least  50c'c  of  then 
surface  area  in  intensive  agriculture  or  less 
than  20%  in  urban  land  uses.  "Point  source"' 
sites  had  been  affected  by  major  point  source 
discharges  of  industrial  or  municipal  waste 
(IDEM  2002).  Since  the  1990s,  most  major 
discharges  into  Indiana  streams  have  been 
eliminated  or  have  been  heavih  treated  to  re- 
duce water  quality  impacts,  and  \iolations  of 
water  quality  standards  are  much  less  com- 
mon (IDEM  2002).  Thus,  the  point  source  cat- 
egory largely  represents  a  historical  impact. 

The  least-impacted  sites  had  rclati\el\  tew 
impacts  and  represented  the  best  remaining 
river  segments  in  the  ecoregions.  These  sites 
are  not  pristine,  but  generally  had  intact  ri- 
parian corridors,  minimal  non-poinl  source 
pollution,  and  limited  point  source  pollution. 
We  considered  some  agriculture  impacts  to 
represent  background  conditions  at  almost  ev- 
ery site  in  Indiana. 

Two  datasets  were  used  in  developing  the 
IBI.  One  set  (//  -  2^5)  included  representative, 
best-remaining,  least-impacted  sites  and  was 
used  in  the  development  group  to  identify  ap- 
propriate metrics,  devise  metric  scoring  criteria. 
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and  construct  the  final  IBI.  Test  data  included 
36  independent  sites  that  were  downstream  of 
point  source  discharges  that  were  used  to  vali- 
date the  IBI  and  determine  how  well  it  reflected 
known  patterns  of  human  impacts. 

Twenty-four  candidate  metrics  were  consid- 
ered for  inclusion  in  the  Wabash  River  IBI  (Ta- 
ble 1).  These  contained  all  of  the  relevant  met- 
rics used  in  previous  warmwater  stream  IBIs, 
plus  several  additional  metrics  (Simon  &  Lyons 
1995;  Hughes  &  Oberdorff  1999).  Prior  to  the 
analyses  the  metrics  were  transformed  to  better 
approximate  normality  (a  loge  transformation  for 
the  number  of  individuals  or  biomass  and  an 
arcsine-square-root  transformation  for  propor- 
tional metrics).  Results  of  analyses  were  consid- 
ered significant  if  a  <0.05. 

First,  the  variation  in  metric  values  was  ex- 
amined in  relation  to  two  natural  factors,  drain- 
age area  and  geographic  location,  that  might  in- 
fluence fish  assemblages.  Appropriate  metrics 
would  have  either  little  variation  relative  to 
these  two  factors  or  a  strong,  monotonic,  bio- 
logically meaningful  relation  that  could  be  eas- 
ily taken  into  account  in  IBI  calculations 
(Hughes  et  al.  1998;  Lyons  et  al.  2001).  This 
analysis  was  limited  to  the  275  least-impacted 
samples  from  the  development  group  to  mini- 
mize the  potential  confounding  effects  of  human 
impacts.  Drainage  area  upstream  of  the  sam- 
pling site  (loge  transformed)  was  used  as  a  mea- 
sure of  stream  size.  Data  from  large  and  great 
river  reaches  and  preliminary  analyses  of  a  sub- 
set of  our  large-river  reaches  based  on  ecore- 
gions  (Eastern  Corn  Belt  Plain  ("north");  n  = 
83  and  Interior  River  Lowland  ("south");  n  = 
192)  and  sub-ecoregions  in  the  Interior  River 
Lowland  (Woods  et  al.  1995)  classified  as 
"north"  (Glaciated  Wabash  Lowlands  sub- 
ecoregion;  n  =  110)  and  "south"  (Wabash  Bot- 
tomland sub-ecoregion;  n  =  82)  did  not  show 
any  substantial  structural  or  compositional  dif- 
ferences, so  it  was  not  necessary  to  derive  sep- 
arate reference  condition  expectations  for  either 
the  two  ecoregions  nor  the  two  sub-ecoregions 
in  the  final  analyses.  Regression  analysis  was 
used  to  evaluate  patterns  between  each  metric 
and  drainage  area,  while  an  Analysis  of  Vari- 
ance (ANOVA)  for  each  metric  was  used  to 
compare  the  "north"  and  "south"  potential  dif- 
ferences for  ecoregion  or  sub-ecoregions.  No 
statistically  significant  relationship  was  ob- 
served for  drainage  area,  ecoregion,  or  sub- 
ecoregion. 


Next,  metric  performance  relative  to  a  gra- 
dient of  human  impact  was  evaluated  using 
the  development  samples.  When  examining 
the  most-  and  least-degraded  stream  reaches, 
the  assumption  was  that  multiple-impact  sites 
would  have  the  most  modified  fish  assemblag- 
es and  least-impacted  would  have  the  least, 
with  the  intermediate  impact  classes  some- 
where in  between.  Metrics  that  fit  this  pattern, 
that  is,  that  showed  least-impacted  sites  as 
having  the  best  values  (highest  or  lowest  de- 
pending on  the  specific  metric)  and  multiple- 
impact  sites  having  the  worst  values,  were 
considered  appropriate  for  our  IBI.  For  each 
potential  metric,  an  analysis  of  variance  (AN- 
OVA) was  used  with  a  Duncan  multiple- 
range,  multiple-comparison  test  (DMC)  to  as- 
sess differences  among  impact  classes.  If  the 
metric  value  at  the  least-impacted  sites  were 
related  to  stream  size,  drainage  area  (loge 
transformed)  was  included  as  a  covariate  in 
this  analysis. 

The  final  metrics  chosen  for  inclusion  in  the 
IBI  were  based  on  their  variation  relative  to 
natural  factors,  their  relation  to  human  impact, 
and  whether  they  represented  a  unique  aspect 
of  the  structure,  composition,  or  functional  or- 
ganization of  the  fish  assemblage  (Hughes  et 
al.  1998).  Each  final  metric  had  an  appropriate 
response  pattern  to  both  natural  factors  and 
human  impacts.  For  those  metrics  that  in- 
volved the  same  species  and  that  were  strong- 
ly correlated  with  each  other  (Pearson's  r  > 
0.6),  a  single  representative  metric  was  chosen 
for  use  in  the  index.  The  final  metrics  selected 
included  at  least  one  metric  for  each  of  the 
five  attributes  of  fish  assemblages  that  an  IBI 
should  include:  species  richness  and  compo- 
sition, indicator  species,  trophic  function,  re- 
productive function,  and  individual  abundance 
and  condition  (Simon  &  Lyons  1995). 

Scoring  criteria  followed  the  classic  1,  3,  and 
5  scoring  criteria  established  by  Karr  (1981) 
and  Karr  et  al.  (1986),  which  is  consistent  with 
previous  adaptations  of  the  IBI  for  other  Indi- 
ana ecoregions  (Simon  1991,  1994;  Simon  & 
Dufour  1998a,  b)  and  large  rivers  (Simon 
1992;  Simon  &  Stahl  1998;  Emery  et  al.  2003). 
A  minimum  possible  score  (0  points)  was  as- 
signed when  the  metric  value  was  below  the 
level  achieved  by  the  development  data  set.  For 
example,  when  a  site  did  not  possess  a  partic- 
ular indicator  species  or  guild,  then  the  specific 
metric  was  assigned  0  points.  The  overall  IBI 
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Table  1. — Candidate  metrics  considered  for  inclusion  in  a  calibration  of  the  index  of  biotic  integrity 
(IBI)  for  the  Wabash  River.  Species  designations  are  provided  in  the  appendix.  The  abbreviation  wt  standi 
for  weight  (biomass);  n  is  the  total  number  of  fish  captured.  Metrics  in  bold  are  included  in  the  final  IBI. 


Metric 


Definition 


CPUE 
CPUE2 

Total  species 
Native  species 
Number  sucker  species 
Sunfish  species 

Centarchid  species 

Minnow  species 
Darter  species 

Sensitive  species 

%  DELT  (n) 

%  Top  carnivores  (n) 
%  Insectivores  (n) 
%  Detritivores  (n) 
%  Omnivores  (n) 

%  Great  River  (n) 

%  Large-river  species  (n) 

%  Lithophil  (n) 

%  Round-bodied  suckers  (n) 

%  Tolerant  (n) 

%  Top  carnivore  (wt) 
%  Insectivores  (wt) 
%  Detritivores  (wt) 
%  Omnivores  (wt) 


Catch  of  individuals  per  standard  sampling  distance  (500-m). 

Catch  of  individuals  per  standard  sampling  sistance.  excluding  indi- 
viduals of  tolerant  species. 

Total  number  of  species  collected. 

Total  species  excluding  exotic  and  non-indigenous  species. 

Total  number  of  species  in  the  sucker  family  (Catostomidae). 

Number  of  species  in  the  sunfish  family  (Centrarchidae).  excluding 
black  basses  (genus  Micropterus). 

Number  of  species  in  the  sunfish  family  (Centrarchidae)  including 
black  basses  (genus  Micropterus). 

Number  of  species  in  the  minnow  family  (Cyprinidae). 

Number  of  species  in  the  perch  family  (Percidae)  in  the  genera  Am- 
mocrypta,  Etheostoma,  Crystallaria,  and  Percina. 

Number  of  species  sensitive  to  anthropogenic  disturbance  of  ph>  sical 
and  chemical  integrity. 

Percentage  of  total  fish  captured  that  upon  gross  inspection  possessed 
deformities,  eroded  fins,  lesions,  or  tumors. 

Percentage  of  total  fish  captured  that  were  top  carnivores. 

Percentage  of  total  fish  captured  that  were  insectivores. 

Percentage  of  total  fish  captured  that  were  detritivores. 

Percentage  of  total  fish  captured  that  were  omnivores:  i.e..  consumed 
at  least  25%  animal  and  25%  plant  material. 

Percentage  of  total  fish  captured  that  were  obligate  great-river  species. 

Percentage  of  total  fish  captured  that  were  obligate  large-river  species. 

Percentage  of  total  fish  captured  that  were  simple  lithophilic  spawn- 
ers  (i.e.,  first  spawned  on  clean  rocky  surface  without  preparing  a 
nest  or  guarding  their  eggs). 

Percentage  of  total  fish  captured  in  the  genera  Cycleptus  (blue  suck- 
er), Hypentelium  (hog  sucker),  Minytrema  (spotted  sucker).  Erimy- 
zon  (chubsuckers),  and  Moxostoma  (redhorses). 

Percentage  of  total  fish  captured  that  were  considered  tolerant  of  en- 
vironmental degradation. 

Percentage  of  total  biomass  accounted  for  b\  top  carnivores. 

Percentage  of  total  biomass  captured  that  were  insectivores 

Percentage  of  total  biomass  captured  that  were  detritivores. 

Percentage  of  total  biomas  captured  that  were  omnivores;  i.e..  con- 
sumed at  least  25%  animal  and  25%  plant  material. 


score  was  the  sum  of   12  metric  scores  and 
ranged  between  0  and  60. 

The  IBI  was  validated  with  data  from  the 
test  group  by  performing  an  ANOVA  and  a 
DMC  on  the  36  test  samples,  with  impact  cat- 
egories as  the  main  effect  and  IBI  score  as  the 
response  variable.  Index  of  biotic  integrity 
scores  were  converted  to  a  proportion  from  0 
to  1  and  then  arcsine-square-root  transformed 


prior  to  analysis.  The  IBI  was  considered  val- 
id if  there  were  significant  differences  among 
impact  categories,  with  the  least-impacted 
samples  having  the  highest  scores  and  the 
point  source  samples  the  lowest. 

RESULTS 

Fish  assemblages  were  sampled  at  2~5  In- 
diana   sites    in    the    Wabash    River    between 
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1993-2001  (Fig.  1).  An  independent  test  sam- 
ple set  of  36  sites  exposed  to  human-impacted 
conditions  were  collected  between  2002-2005 
to  evaluate  the  final  IBI.  Of  the  275  least-im- 
pacted sites,  31  were  classified  as  non-im- 
pacted, 231  as  agriculture  exposed,  and  13  as 
point  source  pollution  impacted.  Eighty-three 
sites  were  in  the  northern  ECBP,  while  110 
sites  were  in  the  northern  portion  of  the  IRL 
ecoregion,  and  the  remaining  82  sites  were  lo- 
cated in  the  southern  portion  of  the  IRL  ecore- 
gion. Watershed  areas  ranged  from  1139.6 
(440  mi2)  to  85,231.7  km2  (32,908  mi2). 

A  total  of  119  fish  species  was  collected 
(Appendix)  including  57,519  individuals  and 
19,825  kg  of  biomass.  The  study  reaches  had 
a  wide  variety  of  fish  assemblages.  Individual 
samples  yielded  from  2-47  species,  from  23— 
5437  individuals  (minus  schooling  species), 
and  from  2.14—34.71  kg  of  biomass.  The  most 
frequently  encountered  species  were  carp 
(92%  of  samples),  channel  catfish  (84%),  giz- 
zard shad  (82%),  and  freshwater  drum  (77%). 
The  most  numerous  species  were  spotfin  shin- 
er (12,878  individuals),  emerald  shiner  (9959 
individuals),  gizzard  shad  (5296  individuals), 
and  river  shiner  (4366  individuals),  and  the 
greatest  biomass  was  for  carp  (1057.3  kg), 
freshwater  drum  (201.7  kg),  and  channel  cat- 
fish (160.5  kg). 

Index  development. — Of  the  24  potential 
metrics  considered  (see  Table  1  for  designa- 
tions and  definitions),  none  varied  significant- 
ly in  relation  to  either  river  size  or  geographic 
(ecoregion  or  sub-ecoregion)  location  for  our 
31  least-impacted  development  group  sam- 
ples. This  is  most  likely  due  to  large  and  great 
rivers  being  an  assimilator  of  upstream  con- 
ditions. Large  and  great  rivers  most  likely  are 
already  beyond  the  inflexion  or  accretion 
curve  that  is  so  dramatic  in  headwater  and 
wadeable  streams  and  thus  would  not  dem- 
onstrate the  pronounced  drainage  area  rela- 
tionships seen  in  small  systems.  These  results 
are  consistent  with  other  large  and  great  river 
calibrations  (Simon  &  Emery  1998;  Niemela 
et  al.  1999;  Emery  et  al.  2003).  In  addition, 
the  River  Continuum  Concept  (RCC)  suggests 
increasing  species  richness  with  downstream 
drainage  area  increase;  however,  it  is  impor- 
tant to  note  that  the  Wabash  River  main  stem 
is  the  trunk  of  the  RCC  since  the  increase  in 
species  richness  occurs  in  the  tributaries.  Only 
a  single  metric,  %  great  river  species,  had  a 


positive  but  weak  correlation  with  stream  size 
(P  =  0.036).  None  of  the  metrics  had  values 
that  differed  between  drainage  area,  or  north- 
ern and  southern  ecoregions  or  between  or 
northern  and  southern  sub-ecoregions. 

Twenty  metrics  met  the  criteria  for  inclusion 
in  the  IBI  based  on  an  analysis  of  all  275  de- 
velopment group  samples.  Four  of  these  met- 
rics were  excluded  because  of  redundancy.  The 
metrics  total  species  and  native  species  provid- 
ed almost  identical  results  (r  =  0.924)  and  dif- 
fered by  more  than  one  species  at  only  one  site. 
The  number  of  native  species  metric  was  re- 
tained, and  the  total  number  of  species  metric 
was  dropped.  The  metrics  %  omnivore  (r  = 
0.893),  %  tolerant  (r  =  0.888),  and  %  detriti- 
vore  (r  =  0.872),  had  similar  patterns  across 
the  impact  classes  regardless  of  whether  cal- 
culated based  on  the  number  of  individuals  or 
the  biomass  collected.  Since  biomass  was  used 
as  a  separate  indicator,  the  %  omnivore  and  % 
tolerant  species  metrics  was  retained. 

One  metric,  %  DELT  was  retained  that  did 
not  meet  the  criteria  for  inclusion.  This  metric 
has  been  shown  to  be  particularly  sensitive  to 
industrial  and  toxic  discharges  in  numerous 
other  studies  (Sanders  et  al.  1999).  In  this  data 
set,  the  DELT  percentages  were  consistently 
low  and  did  not  differ  among  impact  catego- 
ries; but  since  sites  with  major  untreated  point 
source  discharges  were  difficult  to  find  during 
the  time  of  our  sampling,  this  was  not  consid- 
ered a  problem.  However,  such  pollution  types 
were  common  in  this  ecoregion  as  recent  as 
the  1970s,  so  the  DELT  metric  was  retained 
to  provide  sensitivity  to  potential  impacts  that 
were  not  encompassed  within  the  dataset. 

Scoring  criteria  for  the  final  twelve  metrics 
are  provided  in  Fig.  2  and  Table  2.  Different 
criteria  were  not  needed  for  northern  and 
southern  portions  of  the  ecoregion;  nor  were 
different  metric  calibrations  needed  for  stream 
sizes  including  %  large-river  species  (<  5,957 
km2)  and  %  great-river  species  (>  5,957  km2). 
The  overall  IBI  score  was  the  sum  of  the  in- 
dividual scores  for  the  12  metrics  and  could 
range  from  0  (worst)  to  60  (best). 

Index  validation. — Overall  IBI  scores  for 
36  test  group  samples  ranged  from  16  (very 
poor)  to  31  (fair)  (Fig.  3),  while  the  entire  275 
combined  set  of  development  and  test  samples 
ranged  from  12  (very  poor)  to  45  (fair-good) 
(Fig.  4).  The  least-impacted  category  was  sig- 
nificantly greater  than  the  agriculture  and  non- 
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Table  2. — Final  metrics  and  scoring  criteria  for  the  Wabash  River,  Indiana. 


Location 

Scoring 

criteria  and  rating  (points) 

Metric 

Poor  ( 1 ) 

Fair  (3) 

Good  (5) 

Native  species  (Total) 

All 

<10 

10-20 

>20 

Centrarchid  species 

All 

<2 

3-4 

-5 

Round-bodied  sucker 

All 

<2 

2-4 

>5 

Sensitive  species 

All 

<3 

4-7 

>8 

%  Tolerant 

All 

<7 1 .6% 

43.3-71.67, 

>43.3<% 

%  Omnivores 

All 

<68.3% 

36.7-68.37 

>36.7<% 

%  Insectivores 

All 

<25.0% 

25.0-50.0% 

>50.09? 

%  Carnivores 

All 

<10%  or  >40% 

10 

-20%  &  30-40% 

>20-30«% 

%  Large-river  species 

All 

<28.3% 

28.3-56.6% 

>56.6<% 

CPUE 

All 

<600 

600-1200 

>1200 

%  Lithophils 

All 

<15% 

15-30% 

>30% 

%  DELT 

All 

>1.3% 

0.1-1.3% 

<0.1% 

point  source  categories,  which  did  not  differ 
from  each  other.  Least-impacted  samples  (n  = 
31)  had  a  mean  of  34  (fair)  and  a  range  of 
22-45  compared  to  agriculture  samples  (n  = 
231),  which  had  a  mean  of  24  (poor)  and  a 
range  of  13-44,  and  a  mean  of  22  (very  poor) 
and  a  range  of  16—29  for  point  source  sam- 
ples. Ninety  percent  of  the  least-impacted 
samples  were  rated  between  poor  and  fair,  and 
83%  of  the  impact  samples  were  rated  as  poor 
or  very  poor. 

Variation  within  years. — Substantial  an- 
nual variation  in  IBI  scores  among  samples 
occurred  at  some  sites  but  not  at  others.  Gen- 
erally, variation  was  lowest  at  the  least-im- 
pacted sites  and  highest  at  the  point-source 
impact  sites.  Within-year  variation  in  IBI 
scores  for  sites  ranged  from  0  to  8  points  with 
a  mean  of  3.2  points,  and  among-  year  vari- 
ation ranged  from  0  to  1 2  points  with  a  mean 
of  4.1  points.  All  of  these  sites  remained  with- 
in the  same  integrity  class.  One  site  had  rat- 
ings that  ranged  from  very  poor  to  fair  be- 
tween years.  A  single  point-source  pollution 
site  varied  12  points  and  fluctuated  in  rating 
from  very  poor  to  poor  between  years. 

DISCUSSION 

Metric  selection. — A  wide  range  of  metrics 
representative  of  the  structure,  composition, 
and  functional  organization  of  the  Wabash 
River  in  the  Interior  River  Lowland  and  East- 
ern Corn  Belt  Plain  was  considered.  Most  of 
the  selected  metrics  have  been  found  useful  in 
other  stream  IBI  applications,  though  they 
were  modified  to  reflect  understanding  of  river 


assemblages  in  this  area.  For  example,  previ- 
ous stream  versions  of  IBI  have  not  used  a 
"0"  score  when  a  metric  attribute  is  not  pres- 
ent. This  simple  adjustment  in  the  scoring  pro- 
cedure reduced  inherent  natural  variation  in 
the  degraded  sites.  Simon  et  al.  (1998)  used 
this  procedure  in  vernal  ponds  when  evaluat- 
ing a  multi-species  assemblage  and  coastal 
wetlands  in  Lake  Michigan  (Simon  &  Stewart 
2006). 

The  choice  of  metrics  reflected  a  balance 
between  different  types  of  metrics  (i.e..  struc- 
ture and  function)  and  different  measures  of 
assemblage  characteristics  (i.e..  composition, 
tolerance,  trophic  guild,  reproductive  guild. 
abundance,  and  condition).  As  recommended 
by  Simon  &  Lyons  (1995)  and  Karr  &  Chu 
(1999),  metrics  that  related  to  species  richness 
and  composition  (number  of  native,  minnow. 
sucker,  and  sunfish  species),  indicator  species 
(sensitive  species.  c/c  tolerant  species,  95  pio- 
neer species),  trophic  function  {'<  insecti- 
vores, c/c  detritivores.  r<  carnivores),  repro- 
ductive function  (rr  lithophils).  abundance 
(CPUE).  and  fish  condition  i(<  DHLT).  Some 
previous  IBIs  have  used  biomass  to  assess  bi- 
ological integrity  when  there  are  Large  differ- 
ences in  adult  si/e  among  species  or  when 
species  richness  is  low  (Hughes  ev  Gammon 
1987:  Goldstein  et  al.  L994;  Minns  el  al.  1994; 
Niemela  et  al.  1999;  Lyons  et  al.  2000;  Emerj 
et  al.  2003).  Percent  metrics  were  based  en- 
tirely on  individuals  since  this  biomass  data 
are  used  for  another  indicator  other  than  the 
IBI.  i.e..  index  of  well  being  (Gammon  1976). 
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Figure  2. — Index  of  Biotic  Integrity  (IBI)  metric  scoring  criteria  for  the  Wabash  River. 


The  IBI  is  an  important  component  of  an  as- 
sessment toolbox  that  can  be  used  by  fisheries 
and  environmental  professionals. 

Only  a  single  metric  included  in  the  final 
metrics  of  the  calibration  related  weakly  to  riv- 
er size,  as  measured  by  drainage  area.  This  is 
consistent  with  the  results  of  other  large-river 
IBIs  (Simon  1992;  Simon  1994;  Simon  &  Du- 
four  1998a,  b;  Simon  &  Emery  1995;  Emery 
et  al.  2003),  and  Ohio  (Ohio  EPA  1989)  cali- 
brations, which  did  not  show  any  positive  cor- 
relation with  species  richness  metrics. 

Validation  and  variation. — An  analysis  of 
the  test  dataset  validated  the  effectiveness  of 
the  Wabash  River  IBI  (Fig.  3).  As  is  necessary 
for  an  effective  index,  the  sites  were  judged 
based  on  a  priori,  independent  (i.e.,  non-fish) 
criteria:  our  least  impacted  sites  had  the  high- 


est IBI  scores,  and  sites  that  we  judged 
worst — the  point-source  sites — had  the  lowest 
scores.  Based  on  the  entire  developmental  da- 
taset, the  same  patterns  were  observed  with 
agricultural  sites  attained  an  intermediate  level 
of  impact  with  associated  intermediate  scores 
(Fig.  4).  Because  the  test  data  were  not  used 
in  any  phase  of  the  index  development,  these 
results  are  strong  evidence  that  the  IBI  accu- 
rately measures  the  condition  of  large  and 
great  rivers  (Karr  &  Chu  1999;  Simon  1999a). 
These  results  support  the  utility  of  an  IBI 
based  on  a  subset  of  the  river  fish  community 
for  rapid  biological  assessment. 

Although  our  new  IBI  appears  to  provide 
an  accurate  measure  of  stream  ecosystem  con- 
dition, this  measure  is  not  particularly  precise, 
especially  between  years.  This  may  be  due  to 
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Figure  2. — Continued. 


extremes  in  hydrologic  conditions  between 
years;  however,  at  the  highest  quality  river 
reaches  little  variability  was  observed.  The 
temporal  variation  within  high-quality  reaches 
was  relatively  low,  at  0-5  points,  or  about  0- 
8.3%  of  actual  IBI  scores,  but  much  higher 
within  degraded  reaches,  at  4-12  points  or 
6.7-20%  of  actual  scores.  Several  other  stud- 
ies from  midwestern  United  States  streams 
have  also  found  greater  variation  over  time  in 
IBI  scores  at  degraded  sites,  although  varia- 
tion has  typically  been  in  the  range  of  25— 
60%  of  actual  scores  (summarized  in  Fore  et 
al.  1994;  Yoder  &  Rankin  1995;  Gammon  & 
Simon  2000).  These  findings  suggest  that 
strong  temporal  variation  in  fish  assemblage 
characteristics  is  a  real  phenomena  at  degrad- 
ed sites  and  not  an  artifact  of  the  particular 


IBI  used.  Variation  in  IBI  scores  ma\  be  a 
signal  of  degradation  (Karr  &  Chu  1999).  Ad- 
ditional studies  are  needed  to  document  the 
status  and  trends  in  biotie  integrit)  at  sites 
with  human  impacts  than  will  be  needed  at 
least-impacted  sites.  Additional  sampling  is 
recommended  from  different  periods  to  assess 
the  condition  o\~  a  site  o(  unknown  quality. 
Gammon  &  Simon  (2000)  found  that  four 
metrics  (i.e.,  total  number  of  species,  number 
of  centrarchid  species,  number  of  sensitive 
species,  and  %  lithophils)  responded  at  sites 
across  the  Eastern  Corn  Bell  Plain  ecoregion 
and  a  portion  of  the  Interior  River  Lowland 
ecoregion;  however,  this  was  not  anticipated 
to  be  an  observed  relationship  for  reference 
condition  calibration  since  no  single  site  is  ex- 
pected to  represent  the  highest  integrity  for  all 
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Figure  3. — Mean  IBI  scores  and  95%  confidence 
intervals  for  reference  IBI  categories  and  36  test 
samples  for  point  source  discharge.  Abbreviations 
are  as  follows:  REF  =  reference  condition,  and  PS 
=  point  source. 
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Figure  4. — Distribution  of  IBI  scores  among  rat- 
ings for  impact  categories  for  all  275  developmental 
samples.  Abbreviations  are  as  follows:  REF  =  ref- 
erence condition,  AG  =  agriculture,  and  PS  =  point 
source. 


metrics.  Thus,  individual  metrics  may  show  a 
trend  in  scores  across  ecoregions  without  met- 
ric expectations  showing  similar  trends  since 
the  upper  line  is  derived  by  either  the  maxi- 
mum observed  line  for  percentage  metrics  or 
95  percentile  for  species  structural  and  com- 
positional metrics. 

Application. — Since  no  statistically  signif- 
icant difference  was  observed  in  metric  re- 
sponse for  drainage  area,  ecoregion,  or  sub- 
ecoregion  expectations  for  the  reference 
condition,  a  single  IBI  was  calibrated  for  the 
Wabash  River.  All  studies  of  large  and  great 
rivers  have  not  shown  a  relationship  with 
drainage  area  (Goldstein  et  al.  1994;  Minns  et 
al.  1994;  Niemela  et  al.  1999;  Lyons  et  al. 
2000;  Emery  et  al.  2003;  Simon  &  Stewart 
2006),  or  across  ecoregion  or  sub-ecoregion 
(Goldstein  et  al.  1994;  Minns  et  al.  1994;  Nie- 
mela et  al.  1999;  Lyons  et  al.  2000;  Emery  et 
al.  2003).  Thus,  a  relationship  between  drain- 
age area,  ecoregion,  or  sub-ecoregion  and 
metric  expectations  was  not  expected  in  this 
study.  Simon  &  Stahl  (1998)  and  Simon 
( 1992)  did  not  observe  a  relationship  between 
fish  assemblages  and  ecoregions  or  sub-ecore- 
gions  for  the  Eastern  Corn  Belt  Plain,  Interior 
River  Lowland,  and  Interior  River  Plateau.  Al- 
though a  drainage  area  relationship  is  usually 
seen  with  increasing  species  accretion  in 
headwater  and  wadeable  streams,  the  RCC 
predicts  that  large  and  great  rivers  should  not 
show  increasing  expectations.  Once  species 
diversity  accretion  is  attained  in  large  rivers, 
the  replacement  of  small  headwater  species 
with  large-river  species  does  not  increase  sub- 


stantially since  the  drainage  area  is  already  at 
the  maximum  for  the  watershed. 

The  least-impacted  sites  had  higher  IBI 
scores  and  better  ecosystem  quality  than  sites 
that  are  more  strongly  impacted  by  human  ac- 
tivities. Most  least-impacted  samples  were  rat- 
ed as  fair,  and  seldom  were  sites  rated  as  good. 
On  the  contrary,  many  impacted  sites  were 
rated  as  poor.  The  sites  rated  as  poor  were 
representative  of  widescale  land  use  changes 
that  affected  entire  river  reaches,  but  would 
not  have  been  apparent  from  the  local  riparian 
and  instream  condition.  Regional  estimates  of 
stream  conditions  showed  that  42%  of  the 
stream  reaches  in  the  Interior  River  Lowland 
ecoregion  had  fish  assemblages  in  poor  or  fair 
ecological  condition,  while  large-river  reaches 
in  the  Eastern  Corn  Belt  Plain  ecoregion  had 
36%  fair  and  23%  good.  Much  of  Indiana  is 
in  agricultural  land  use  and  serves  as  a  back- 
ground condition,  thus  sediment  and  nutrient 
runoff  from  upstream  agriculture  may  well 
have  reduced  ecosystem  quality  below  least- 
impacted  site  conditions  on  other  large  rivers. 
Despite  the  inclusion  of  lower  quality  sites  in 
the  developmental  data  base  for  the  IBI,  the 
classification  of  these  sites  indicated  that  both 
the  metrics  and  the  final  IBI  classification  ac- 
curately portrayed  the  actual  stream  condition. 
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Appendix. — Classification  of  fishes  captured  during  this  study.  For  feeding,  P  =  parasite,  F  =  filter.  C 
=  "carnivore"  indicates  the  top  carnivore,  I  =  insectivore,  H  =  herbivore,  and  O  =  omnivore.  For  habitat. 
"large"  indicates  streams  greater  than  2,590  but  less  than  5,957  square  kilometer  drainage  area.  For  spawn- 
ing, SL  =  simple  lithophil.  "Other"  indicates  that  the  species  was  not  included  within  one  of  the  categories 
used  in  calculating  particular  metrics.  Species  are  listed  in  taxonomic  order  by  family  and  alphabeticalh 
within  family  by  scientific  name.  Classifications  were  taken  from  Simon  (1999b),  Goldstein  &  Simon 
(1999),  and  unpublished  data. 


Common  name 

Scientific  name 

Origin 

Tolerance 

Feeding 

Habitat 

Spanning 

Lamprey 

Petromyzontidae 

Chestnut  lamprey 

Ichthyomyzon 
castenaus 

Native 

Other 

P 

Large 

Other 

Silver  lamprey 

Ichthyomyzon  unicuspis 

Native 

Other 

P 

Large 

Other 

American  brook 

Lampetra  appendix 

Native 

Intolerant 

F 

Other 

Other 

lamprey 

Least  brook  lamprey 

Lampetra  aepyptera 

Native 

Intolerant 

1 

Other 

Other 

Gar 

Lepisosteidae 

Spotted  gar 

Lepisosteus  oculatus 

Native 

Other 

C 

Other 

Other 

Longnose  gar 

Lepisosteus  osseus 

Native 

Other 

c 

Other 

Other- 

Shortnose  gar 

Lepisosteus 
platostomus 

Native 

Other 

c 

Large 

Other 

Sturgeon 

Acipenseridae 

Lake  sturgeon 

Acipenser  fulvescens 

Native 

Other 

1 

Large 

SL 

Shovelnose  sturgeon 

Scaphirhynchus 
platorhynchus 

Native 

Other 

1 

Large 

SL 

Paddlefish 

Polyodontidae 

Paddlefish 

Polyodon  spathula 

Native 

Intolerant 

p 

Large 

SL 

Bowfin 

Amiidae 

Bowfin 

Ami  a  calva 

Native 

Other 

c 

Other 

Other 

Herring 

Clupeidae 

Skipjack  herring 

Alosa  chrysochlohs 

Native 

Other 

c 

Large 

Other- 

Gizzard  shad 

Dorosoma  cepedianum 

Native 

Other 

() 

Other- 

Other 

Threadfin  shad 

Dorosoma  petenense 

Native 

Other 

0 

Large 

Other- 

Mooneye 

Hiodontidae 

Goldeye 

Hiodon  a  I  so  ides 

Native 

Intolerant 

1 

Paige 

Other 

Mooneye 

Hiodon  tergisus 

Native 

Intolerant 

I 

Large 

Other 

Minnow 

Cyprinidae 

Stoneroller  minnow 

Campostoma 
anomalum 

Native 

Other 

11 

Other 

Other 

Goldfish 

Carassius  auratus 

Exotic 

Tolerant 

0 

Other 

Other 

Spotfin  shiner 

Cyprinella  spiloptera 

Native 

Other 

1 

Other 

Other 

Steelcolor  shiner 

Cyprinella  whipplei 

Native 

Other 

1 

Other 

Other 

Common  carp 

Cyprinus  carpi o 

Exotic 

Tolerant 

0 

Other 

Other- 

Grass  carp 

Ctenopharyngodon 

idella 

Exotic 

Tolerant 

O 

Other 

Other 

Silverjaw  shiner 

Ericymba  buccata 

Native 

Other 

I 

Other 

Other 

Streamline  chub 

Erimystax  dissimilis 

Native 

Intolerant 

1 

I  .arge 

SL 

Gravel  chub 

Erimystax  x-punctata 

Native 

Intolerant 

1 

1  arge 

SI. 

Bigeye  chub 

Hybopsis  amblops 

Native 

Intolerant 

1 

Other 

SI 

Mississippi  silvery 

Hybognatluis  nucha  I  is 

Native 

Other 

o 

1  arge 

SI. 

minnow 
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Appendix. — Continued. 


Common  name 


Scientific  name 


Origin        Tolerance    Feeding     Habitat     Spawning 


Silver  carp 
Bighead  carp 
Striped  shiner 


Ribbon  shiner 
Redfin  shiner 
Shoal  chub 

Silver  chub 

Hornyhead  chub 
River  chub 
Golden  shiner 

Emerald  shiner 
River  shiner 
Bigeye  shiner 
Ghost  shiner 
Spottail  shiner 
Silver  shiner 
Rosyface  shiner 
Silverband  shiner 
Sand  shiner 
Mimic  shiner 
Channel  shiner 
Suckermouth  minnow 
Bluntnose  minnow 
Fathead  minnow 
Bullhead  minnow 
Western  blacknose  dace 
Creek  chub 

Sucker 
River  carpsucker 
Quillback 
Highfin  carpsucker 
White  sucker 

Blue  sucker 
Lake  chubsucker 
Northern  hogsucker 
Smallmouth  buffalo 
Bigmouth  buffalo 
Black  buffalo 
Spotted  sucker 
Silver  redhorse 
River  redhorse 
Black  redhorse 
Golden  redhorse 
Shorthead  redhorse 


Hypopthalmichthys  Exotic 

molitrix 
Hypophthalmichthys        Exotic 

nobilis 
Luxilus  chrysocephalus   Native 


Lythrurus  fumeus 
Lythrurus  umbratilis 

Macrhybopsis 

hyostoma 
Macrhybopsis 

storeriana 
Nocomis  biguttatus 
Nocomis  micropogon 
Notemigonus 

crysoleucas 
Notropis  atherinoides 
Notropis  blennius 
Notropis  boops 
Notropis  buchanani 
Notropis  hudsonius 
Notropis  photogenis 
Notropis  riibellus 
Notropis  shumardi 
Notropis  str amine  us 
Notropis  volucellus 
Notropis  wickliffi 
Phenacobius  mirabilis 
Pimephales  notatus 
Pimephales  promelas 
Pimephales  vigilax 
Rhinichthys  obtusus 
Semotilus 

atromaculatus 

Catostomidae 
Carpi  odes  carpio 
Carpiodes  cyprinus 
Carpiodes  velifer 
Catostomus 

commersonii 
Cycleptus  elongatus 
Erimyzon  sucetta 
Hypentelium  nigricans 
Ictiobus  bubalus 
Ictiobus  cyprinellus 
Ictiobus  niger 
Minytrema  melanops 
Moxostoma  anisurum 
Moxostoma  carinatum 
Moxostoma  duquesnei 
Moxostoma  erythrurum 
Moxostoma 
macrolepidotum 


Native 
Native 
Native 


Native 
Native 
Native 

Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 
Native 


Tolerant 
Tolerant 
Other 


Other 
Other 
Other 


Native        Other 


Intolerant 
Intolerant 
Tolerant 

Other 

Other 

Intolerant 

Other 

Other 

Intolerant 

Intolerant 

Intolerant 

Other 

Intolerant 

Other 

Other 

Tolerant 

Tolerant 

Other 

Tolerant 

Tolerant 


Large  Other 
Other  Other 
Other        Other 


Other 
Other 
Other 

Large 


Other 
Large 
Other 

Large 
Large 
Other 
Other 
Large 
Other 
Other 
Large 
Other 
Large 
Large 
Other 
Other 
Other 
Large 
Other 
Other 


Other 
Other 
Other 


Large        Other 


Other 
Other 
Other 

Other 

SL 

SL 

Other 

Other 

SL 

SL 

SL 

Other 

Other 

Other 

SL 

Other 

Other 

Other 

SL 

Other 


Native 

Other 

O 

Other 

Other 

Native 

Other 

O 

Other 

Other 

Native 

Intolerant 

o 

Other 

Other 

Native 

Tolerant 

o 

Other 

SL 

Native 

Intolerant 

I 

Large 

SL 

Native 

Other 

I 

Other 

Other 

Native 

Intolerant 

I 

Other 

SL 

Native 

Other 

o 

Large 

Other 

Native 

Other 

o 

Large 

Other 

Native 

Other 

o 

Large 

Other 

Native 

Other 

Other 

SL 

Native 

Intolerant 

Other 

SL 

Native 

Intolerant 

Other 

SL 

Native 

Intolerant 

Other 

SL 

Native 

Intolerant 

Other 

SL 

Native 

Intolerant 

Other 

SL 
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Appendix. — Continued. 


Common  name 

Scientific  name 

Origin 

Tolerance 

Feeding 

Habitat 

Spawning 

Bullhead  catfish 

Ictaluridae 

Yellow  bullhead 

Ameiurus  natalis 

Native 

Other 

I 

Other 

Other 

Black  bullhead 

Ameiurus  melas 

Native 

Tolerant 

f 

Other 

Other 

Brown  bullhead 

Ameiurus  nebulosus 

Native 

Other 

I 

Other- 

Other 

Channel  catfish 

Ictalurus  punctatus 

Native 

Other 

C 

Large 

Other 

Blue  catfish 

ictalurus  furcatus 

Native 

Other 

C 

Large 

Other 

Mountain  madtom 

Noturus  eleutherus 

Native 

Intolerant 

1 

Other 

Other 

Stonecat 

Noturus  flavus 

Native 

Intolerant 

I 

Other 

Other 

Brindled  madtom 

Noturus  miurus 

Native 

Intolerant 

I 

Other 

Other 

Freckled  madtom 

Noturus  nocturnus 

Native 

Intolerant 

I 

Other 

Other 

Flathead  catfish 

Pylodictis  olivaris 

Native 

Other 

c 

Large 

Other 

Pike 

Esocidae 

Grass  pickerel 

Esox  americanus 

Native 

Other 

c 

Other 

Other 

Mudminnow 

Umbridae 

Central  mudminnow 

Umbra  limi 

Native 

Tolerant 

o 

Other 

Other 

Topminnow 

Fundulidae 

Blackstripe  topminnow 

Fundulus  notatus 

Native 

Other 

Other 

Other 

Livebearer 

Peciliidae 

Mosquitofish 

Gambusia  affinis 

Native 

Other 

Other 

Other 

Silverside 

Atherinidae 

Brook  silverside 

Labidesthes  sicculus 

Native 

Other 

Other 

Other 

Pirate  perch 

Aphredoderidae 

Pirate  perch 

Apheredoderus  sayanus 

Native 

Other 

Other 

Other 

Sculpin 

Cottidae 

Mottled  sculpin 

Cottus  bairdi 

Native 

Other 

Other 

Other 

Banded  sculpin 

Cottus  carol inae 

Native 

Other 

Other 

Other 

Temperate  bass 

Moronidae 

White  bass 

Mo  rone  chrysops 

Native 

Other 

c 

Large 

Other 

Yellow  bass 

Morone  mississippensis 

Native 

Other 

C 

Large 

Other 

Striped  bass 

Morone  saxatilis 

Native 

Other 

C 

Large 

Other 

Sunfish 

Centrarchidae 

Rock  bass 

Ambloplites  rupestris 

Native 

Other 

C 

Other 

Other 

Green  sunfish 

Lepomis  cyanellus 

Native 

Tolerant 

Other 

Other 

Warmouth 

Lepomis  gulosus 

Native 

Other 

Other 

Other 

Orangespotted  sunfish 

Lepomis  humilis 

Native 

Other 

Other 

Other 

Bluegill 

Lepomis  macrochirus 

Native 

Other 

Other 

Other 

Redear  sunfish 

Lepomis  microlophus 

Native 

Other 

Other 

Other 

Longear  sunfish 

Lepomis  megalotis 

Native 

Intolerant 

Other 

Other 

Bantam  sunfish 

Lepomis  symmetricus 

Native 

Other 

Other 

Other 

Smallmouth  bass 

Micropterus  dolomieu 

Native 

Intolerant 

Other 

Other 

Spotted  bass 

Micropterus 
punctulatus 

Native 

Other 

Other 

Other 

Largemouth  bass 

Micropterus  salmoides 

Native 

Other 

c 

Other 

Other 

White  crappie 

Pomoxis  annularis 

Native 

Other 

— 

Other 

Other 

Black  crappie 

Pomoxis 
nigromaculatus 

Native 

Other 

Other 

Other 
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Appendix. — Continued. 


Common  name 

Scientific  name 

Origin 

Tolerance    Feeding     Habitat 

Spawning 

Perch 

Percidae 

Western  sand  darter 

Ammocrypta  clara 

Nat 

ve 

Intolerant          ] 

Large 

SL 

Eastern  sand  darter 

Ammocrypta  pellucida 

Nat 

ve 

Intolerant 

Large 

SL 

Mud  darter 

Etheostoma  asprigene 

Nat 

ve 

Other                  ] 

[            Other 

Other 

Greenside  darter 

Etheostoma  blennioides 

Nat 

ve 

Intolerant 

[            Other 

Other 

Rainbow  darter 

Etheostoma  caeruleum 

Nat 

ve 

Intolerant 

[            Other 

SL 

Bluebreast  darter 

Etheostoma  camurum 

Nat 

ve 

Intolerant 

[            Other 

SL 

Bluntnose  darter 

Etheostoma  chlorosoma 

Nat 

ve 

Other                 ] 

[            Other 

Other 

Fantail  darter 

Etheostoma  flabellare 

Nat 

ve 

Other                 ] 

[            Other 

Other 

Slugh  darter 

Etheostoma  gracile 

Nat 

ve 

Other                  ] 

[            Other 

Other 

Harlequin  darter 

Etheostoma  histrio 

Nat 

ve 

Intolerant          ] 

Large 

SL 

Johnny  darter 

Etheostoma  nigrum 

Nat 

ve 

Other                 ] 

[            Other 

Other 

Orangethroat  darter 

Etheostoma  specatbile 

Nat 

ve 

Other                 ] 

[            Other 

SL 

Tippecanoe  darter 

Etheostoma  tippecanoe 

Nat 

ve 

Intolerant          ] 

[            Other 

SL 

Logperch 

Percina  caprodes 

Nat 

ve 

Other                 ] 

[            Other 

SL 

Channel  darter 

Percina  copelandi 

Nat 

ve 

Intolerant          ] 

[            Other 

SL 

Gilt  darter 

Percina  evides 

Nat 

ve 

Intolerant          ] 

[            Other 

SL 

Blackside  darter 

Percina  maculata 

Nat 

ve 

Other                 1 

[            Other 

SL 

Slenderhead  darter 

Percina  phoxocephala 

Nat 

ve 

Intolerant 

[            Other 

SL 

Dusky  darter 

Percina  sciera 

Nat 

ive 

Other                 ] 

[            Other 

SL 

River  darter 

Percina  shumardi 

Nat 

ve 

Intolerant 

[            Large 

SL 

Sauger 

Sander  canadense 

Nat 

ve 

Other                C           Large 

SL 

Walleye 

Sander  vitreus 

Native 

Other                C           Large 

SL 

Drum 

Scianidae 

Freshwater  drum 

Aplodinotus  grunniens 

Native 

Other 

-           Large 

Other 
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JAMES  R.  GAMMON:  THE  WABASH  RIVER  MAN 

Mark  Pyron:     Aquatic  Biology  and  Fisheries  Center,  Department  of  Biology.  Ball 
State  University,  Muncie,  Indiana  47306  USA 


James  R.  Gammon  has  been  in  Indiana 
since  1961  as  a  faculty  member  in  Biological 
Sciences  at  DePauw  University.  It  is  my  plea- 
sure to  concoct  a  brief,  but  accurate,  biogra- 
phy of  Dr.  Gammon.  I  interviewed  Dr.  Gam- 
mon in  August  2006  to  obtain  the  majority  of 
information  that  follows.  From  1967  to  1998, 
he  surveyed  the  fish  assemblages  of  the  Wa- 
bash River,  building  an  incredible  volume  of 
data  that  comprises  one  of  few  long  term  fish 
assemblage  compilations.  My  involvement 
with  Jim  was  initiated  when  Tom  Lauer  and  I 
were  fortunate  enough  to  inherit  the  monitor- 
ing program  on  the  Wabash  River  that  Gam- 
mon signed  with  funding  from  Cinergy  Cor- 
poration (previously  PSI,  now  Duke  Energy) 
and  Eli  Lilly,  Inc. 

THE  EARLY  YEARS 

James  R.  Gammon  was  born  in  Sparta, 
Wisconsin  on  24  April  1930  to  Abner  James 
and  Laverne  Marie  Robertson  Gammon,  and 
Jim  had  the  honor  of  being  the  first  member 
of  his  family  to  be  born  in  a  hospital.  Dr. 
Gammon  grew  up  in  the  nearby  small  village 
of  Kendall,  with  his  three  siblings  and  his 
grandparents  all  sharing  the  same  house.  His 
father  owned  a  family  business,  a  combination 
dry  goods  and  grocery  store  passed  down 
from  Jim's  grandfather.  Dr.  Gammon's  mother 
was  a  homemaker  with  organ  and  piano  abil- 
ities. Jim's  siblings  have  remained  in  the  Mid- 
west. His  brother  Dave  has  four  daughters  and 
lives  in  Wisconsin;  his  sister  Barb  has  two 
children  and  lives  in  Illinois.  Their  youngest 
sister,  Carol,  has  three  sons  and  also  lives  in 
Wisconsin. 

As  a  child,  Jim  always  had  an  avid  interest 
in  science  and  nature,  and  he  still  retains  those 
interests.  He  attributes  this  interest  to  his  fa- 
ther and  to  his  outdoorsman  grandfather  who 
lived  with  his  family.  They  spent  a  great  deal 
of  time  together  in  the  woods  where  the 
grandfather  and  grandson  fished  and  hunted. 
When  he  was  six  years  old,  Jim  learned  to 


Figure  1 . — James  R.  Gammon. 


shoot  a  .22  rifle  and  to  catch  brook  trout  in 
local  streams.  Together,  he  and  his  grandfather 
hunted  squirrel,  pheasant,  and  ruffed  grouse 
(deer  did  not  yet  inhabit  the  southwestern 
Wisconsin  driftless  region).  The  Gammon 
family  members  were  all  interested  in  nature 
and  always  had  many  pets — mosth  dogs  and 
a  few  cats — and  whatever  stra\  or  injured  an- 
imal (including  an  owl  and  mink)  the\  came 
across  in  the  forest.  Other  summer  activities 
included  biking  loeal  rural  roads  and  dam- 
ming the  loeal  creek,  a  headwaters  stream  of 
the  Baraboo  River,  for  swimming.  Winter  ac- 
tivities included  skiing  and  skating.  Gam- 
mon's earliest  jobs  were  working  in  his  fa- 
ther's store,  baling  hay,  working  on  a  pea 
viner,  and  at  the  Standard  "filling  stations" 
where  Gammon  fixed  hundreds  of  tires  during 
World  War  11. 

Jim  developed  a  deeper,  more  scholarly  in- 
terest in  wildlife  from  books  and  National 
Geographic  magazines  he  found  in  his  grand- 
mother's attic.   Several  of  these  books  wore 
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texts  discarded  by  his  Uncle  Wayne,  who  had 
attended  college  for  a  short  period.  Jim 
scanned  his  uncle's  college  chemistry  text  and 
realized  he  had  in  interest  in  chemistry.  His 
parents  then  presented  him  with  a  chemistry 
set  that  Jim  established  in  his  basement,  and 
he  learned  basic  chemistry  while  burning 
holes  in  a  few  rugs. 

Jim  attended  local  schools  in  Kendall,  Wis- 
consin. His  high  school  had  about  100  stu- 
dents, and  Jim  played  basketball  and  baseball. 
His  mother  would  not  sign  the  paperwork  to 
allow  him  to  play  six-man  football  until  he 
weighed  more  than  130  pounds  (he  never  got 
to  play  football!). 

MILITARY  SERVICE  AND 
HIGHER  EDUCATION 

After  graduating  from  high  school  Jim  went 
to  Waukesha,  Wisconsin  with  a  close  friend, 
and  they  worked  in  a  foundry.  The  boring, 
manual  labor  soon  convinced  them  both  to 
join  the  Navy,  and  they  went  through  boot 
camp  at  the  Great  Lakes  Naval  Training  Cen- 
ter. Jim  remained  stationed  at  the  Great  Lakes 
Center,  went  through  Corps  school,  and  spent 
the  remainder  of  his  active  duty  working  in  a 
pre-  and  post-surgery  ward  of  the  Mainside 
Hospital. 

After  serving  in  the  Navy,  Jim  began  col- 
lege at  the  La  Crosse  State  College,  a  school 
with  perhaps  1000  students.  The  decision  to 
attend  La  Crosse  was  easy  since  many  friends 
from  his  hometown  were  also  enrolled  there. 
Jim  describes  these  years  as  an  enjoyable  and 
memorable  experience.  He  has  fond  memories 
of  all  of  the  basic  courses,  including  biology 
and  math.  During  the  summer  he  again  found 
work  at  a  foundry  in  Milwaukee.  The  follow- 
ing fall  the  Korean  conflict  erupted,  and  Jim 
was  drafted  for  service  in  the  Navy  for  an 
additional  two-year  stint.  The  majority  of  this 
time  was  spent  at  the  Great  Lakes  Naval  Cen- 
ter. 

Following  his  second  military  service,  Jim 
transferred  to  the  University  of  Wisconsin.  He 
began  a  relationship  with  Carolyn  Patricia 
O'Bierne  who  attended  the  UW-Whitewater 
campus,  and  they  were  soon  married.  They 
lived  in  Whitewater,  and  Jim  took  classes  and 
graduated  from  UW-Whitewater  in  January 
1956  with  a  BS  degree.  Jim  has  memories  of 
many  great  people  from  this  period,  some  of 
whom  he  still  maintains  close  contact. 


Following  graduation  from  UW-Whitewa- 
ter, Jim  enrolled  in  graduate  school  at  the 
UW-Madison  with  the  goal  of  getting  a  teach- 
ing certificate  to  teach  high  school.  He  com- 
muted from  Whitewater  because  his  wife  Car- 
olyn was  still  in  school  there.  His  professors 
convinced  Jim  to  apply  for  further  graduate 
training,  and  he  was  awarded  a  prestigious 
scholarship  from  the  Danforth  Foundation. 
Jim  and  his  family  subsequently  moved  to 
Madison,  and  Jim  began  five  and  a  half  years 
of  graduate  school.  Dr.  Arthur  Hasler  was 
Jim's  major  professor,  and  his  major  was  in 
ecology.  Hasler  was  famous  for  identifying 
the  factors  that  salmon  use  in  natal  stream 
homing  and  for  identifying  cultural  eutrophi- 
cation  of  lakes  as  a  potential  crisis.  Another 
well-known  person  at  the  UW  with  whom  Jim 
worked  closely  was  the  eminent  botanist  Dr. 
John  T.  Curtis.  Jim's  graduate  work  was  on 
muskellunge  as  predators  to  control  panfish 
populations.  The  field  work  for  this  project 
was  performed  at  the  University  of  Wisconsin 
Trout  Lake  Station  facility  near  Boulder  Junc- 
tion, Wisconsin  (the  site  for  the  seminal  lim- 
nological  research  of  E.A.  Birge  and  C.  Ju- 
day).  Jim  earned  a  MS  in  1957  and  the  Ph.D. 
in  1961  from  the  University  of  Wisconsin. 

Jim  interviewed  for  several  faculty  posi- 
tions around  the  country  but  selected  DePauw 
University  in  Greencastle,  Indiana  because  he 
wanted  a  position  where  he  could  teach  and 
yet  maintain  an  active  research  program.  At 
that  time,  most  small  teaching  colleges  strong- 
ly discouraged  research  by  faculty.  Jim  also 
did  not  like  the  atmosphere  of  a  research  uni- 
versity, so  Depauw  University  was  a  good  fit. 
Jim  and  Pat  produced  an  additional  two  chil- 
dren after  settling  in  Greencastle  (the  previous 
two  children  were  born  during  Jim's  graduate 
career).  Jim's  second  marriage  was  to  Sherry 
Garner,  who  brought  two  children,  Bradley 
and  Shannon,  into  the  family.  Sherry  was  em- 
ployed at  DePauw  University  until  she  retired 
in  2004. 

TEACHING  AND  RESEARCH  AT 
DEPAUW  UNIVERSITY 

The  courses  that  Jim  taught  at  DePauw  Uni- 
versity included  Comparative  Vertebrate 
Anatomy,  Vertebrate  Biology,  Ecology,  Hu- 
man Ecology  for  non-majors,  Biostatistics,  In- 
troductory Zoology  for  non-majors,  and  Lim- 
nology.   DePauw   University   had  a  graduate 
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Figure   2. — Dr.   Jim   Gammon  driving  the  boat 
electrofisher,  and  two  student  assistants  netting  fishes. 


program  when  Jim  was  hired,  and  he  gradu- 
ated at  least  24  master's  degree  students.  The 
majority  of  Jim's  students  were  involved  in 
research  on  the  Wabash  River  and  the  Ohio 
River,  studying  the  effects  of  generation  of 
electricity  on  fishes,  macroinvertebrates,  al- 
gae, and  aquatic  plants.  Thus,  an  obvious  and 
strong  research  interest  was  the  Wabash  River 
ecosystem,  which  was  nearby  to  Greencastle. 
Other  funded  projects  that  Gammon  managed 
included  the  effects  of  agriculture  and  inor- 
ganic sediments  on  fishes.  The  fish  commu- 
nity ecology  work  resulted  in  the  most  obvi- 
ous effects  of  electricity  generating  plants  and 
thus  had  the  most  interest  for  Gammon  and 
students.  Additional  research  projects  that 
Gammon  pursued  included  topics  as  diverse 
as  population  ecology  of  fishes,  toxicology, 
fish  assemblages,  thermal  ecology,  aquatic 
plants,  macroinvertebrate  ecology,  and  phy- 
toplankton.  His  research  interests  were  wide 
and  included  natural  history  studies  of  terres- 
trial and  aquatic  organisms.  Associated  activ- 
ities with  students  included  field  trips  to  the 
Smoky  Mountains  during  spring  breaks,  many 
winter  term  trips  (including  studies  of  coral 
reefs)  to  Andros  Island,  Bahamas  and  Baja 
California,  Mexico,  and  canoe  excursions  to 
the  Everglades  National  Park,  Florida,  and  the 
Boundary  Waters  Canoe  areas  in  Canada. 

While  Gammon  was  at  DePauw  he  under- 
took many  projects,  resulting  in  dozens  of  re- 
ports and  at  least  64  publications  including  28 
peer-reviewed  articles,  reports,  edited  chapters 
in  texts,  and  one  textbook  that  summarized  30 
years  of  sampling  in  the  Wabash  River  (Gam- 
mon 1998).  Gammon's  earliest  Indiana  pub- 
lication was  written  in  conjunction  with  Shel- 


by Gerking  in  Natural  Features  of  Indiana. 
(A  brief  list  of  some  publications  is  append- 
ed.) Jim  currently  has  numerous  manuscripts 
in  progress  or  submitted  for  publication.  His 
career  is  far  from  over! 

A  quote  from  Gammon's  (1998)  text  on  the 
Wabash  River  ecosystem  provides  a  view  of 
the  humanistic  interest  of  Gammon  in  study- 
ing the  river: 

"Rivers,  together  with  mountains. 
lakes,  and  oceans,  are  among  the  few  nat- 
ural features  which  bestow  a  permanence 
to  an  otherwise  transitory  world.  There  is 
something  satisfying  in  the  thought  that  a 
familiar  nearby  river  once  floated  a  birch- 
bark  canoe  and  will  continue  to  be  a 
source  of  enjoyment  to  our  children  and 
grandchildren." 

One  of  the  most  impressive  results  of  Gam- 
mon's research  activities  was  the  creation  of 
the  first  multimetric  index  to  score  fish  assem- 
blage quality.  Gammon's  index  of  well-being 
(Iwb)  was  the  precursor  to  the  Index  of  Biotic 
Integrity  (IBI)  multimetric  index  that  current!) 
is  used  throughout  the  world  in  ecosystem  as- 
sessment. Gammon's  Iwb  is  a  score  that  com- 
bines two  indices  of  diversity  ( Shannon-Wei  - 
ner  diversity  scores  for  abundance  and 
weight)  and  two  suitable  weighted  indices  ol 
abundance  into  a  single  number.  The  index 
was  created  as  a  method  for  simplifying  data 
to  a  single  number  that  would  reflect  the  biotic 
integrity  of  the  community  (Gammon  1CW>. 
The  immediate  need  at  the  time  was  for  an 
index  that  the  electric  power  industry  mighl 
use  to  compare  fish  assemblages  upstream  and 
downstream  from  generation  facilities  to  test 
for  similar  abundance  and  diversity. 

Gammon  was  involved  in  main  local  or- 
ganizations including  Friends  of  Sugar  Creek 
and  Friends  o\'  the  White  Ri\cr:  and  he  was 
on  the  board  for  The  Nature  Conservanc)  for 
years.  Gammon  was  active  in  numerous  pro- 
fessional organizations  including  the  Indiana 
Academy  oi~  Science  (President  in  1996),  the 
Natural  Areas  Association,  American  Fisher- 
ies Society,  the  Society  for  Environmental 
Toxicology  and  Contamination,  and  the  Amer- 
ican Society  for  Limnologj  and  Oceanogra- 
phy. Local  and  national  newspaper  reporters 
have  interviewed  him  frequently  for  his  en- 
vironmental know  ledge  related  to  the  Wabash 
River   and    agricultural    pollution    in    Indiana 
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Figure  3. — Dr.  Gammon  in  the  field  with  students. 


streams.  Gammon  was  named  the  2000  En- 
vironmentalist of  the  Year  by  IPALCO,  the 
parent  company  of  Indianapolis  Power  & 
Light  Company.  He  became  a  Fellow  of  the 
Indiana  Academy  of  Science  in  1968. 

STUDENT  GUIDANCE 

Gammon  was  a  mentor  to  a  huge  number 
of  undergraduate  and  graduate  students  during 
his  career  at  DePauw  University.  Gammon's 
advice  to  students  is  to  "try  to  aim  for  a  career 
that  you  would  do  without  being  paid."  A  per- 
sonal philosophy  would  include  to  "work 
hard  and  enjoy  life."  Past  students  include 
many  who  are  currently  in  the  public  eye:  Lee 
Bridges,  Chris  Yoder,  John  Riggs,  Jerry  Rud 
and  Neil  Parke.  The  following  is  a  list  of  for- 
mer students  of  Gammon,  and  the  list  includes 
the  Master's  thesis  titles,  year,  and  current  lo- 
cations where  known: 

Ujjal  Tej  Singh  Deol.    1967.   The  effect  of 


inorganic  pollution  on  macroinvertebrate 
populations. 

Robert  S.  Benda.  1967.  The  fish  popula- 
tions of  Big  Walnut  Creek,  (currently 
Professor  of  Biology,  Department  of  Bi- 
ology, Prince  William  Sound  Community 
College,  Valdez,  Alaska) 

Susan  C.  Bell.  1969.  The  effects  of  ther- 
mal pollution  on  the  macroinvertebrate 
population  of  the  Wabash  River. 

Randal  A.  Gaseor.  1971.  The  effect  of  tem- 
perature on  the  feeding  rate  and  behavior 
of  the  caddisfly  Hydropsyche  frisoni. 

Russell  Scott  Norris.  1972.  The  effect  of 
heated  water  effluent  on  aquatic  biota  of 
Little  Three  Mile  Creek,  (currently  a  den- 
tist in  Mount  Vernon,  Indiana) 

Jay  T.  Hatch.  1973.  The  responses  of  fish 
fauna  of  Little  Three-Mile  Creek  and  the 
Ohio  River  to  a  thermal  effluent,  (cur- 
rently Associate  Professor  of  Biological 


PYRON— GAMMON  BIOGRAPHY 


191 


Sciences,  Dept.  of  Biological  Sciences, 
University  of  Minnesota) 

Steven  T.  Pierce.  1973.  The  effects  of  ther- 
mal enrichment  on  the  macroinvertebrate 
populations  of  the  Wabash  River. 

Lee  Bridges.  1974.  A  study  of  the  effects 
of  the  Newport  Army  Ammunition  Plant 
upon  the  benthic  fauna  of  Little  Raccoon 
Creek  and  Little  Vermillion  Creek  (Ver- 
million County,  Indiana),  (currently  at 
Indiana  Dept.  of  Environmental  Manage- 
ment, Indianapolis,  Indiana) 

James  R.  King.  1974.  A  study  of  power 
plant  entrainment  effects  on  the  drifting 
macroinvertebrates  of  the  Wabash  River. 

A.P  Lesniak.  1974.  The  effects  of  the  J. M. 
Stuart  Station  on  fish  of  Little  Three- 
Mile  Creek  and  the  Ohio  River. 

Eugene  R.  Mancini.  1974.  Macroinverte- 
brate drift  of  the  Wabash  River  and  its 
relation  to  Wabash  Generating  Station 
(Terre  Haute,  Indiana),  (retired  from  At- 
lantic Richfield  Co.,  formed  own  con- 
sulting company  doing  Superfund  and 
ecotoxicology  studies) 

Terry  C.  Teppen.  1975.  Distribution  and 
abundance  of  fish  populations  in  the 
Middle  Wabash  River. 

Brandon  Kulik.  1977.  The  abundance  and 
distribution  of  fish  in  the  Ohio  River  in 
the  vicinity  of  the  J.M.  Stuart  Station: 
1970  through  1976.  (currently  Senior 
Fisheries  Biologist  with  Kleinschmidt 
Associates,  Pittsfield,  Maine) 

Richard  H.  Wright.  1978.  The  distribution 
of  fishes  in  southwestern  Indiana. 

William  L.  Fisher.  1979.  An  assessment  of 
the  fish  populations  of  Eagle,  Stotts,  and 
Rattlesnake  creeks  in  central  Indiana, 
(currently  at  Cooperative  Fisheries  Unit, 
Oklahoma  State  University,  Stillwater, 
Oklahoma) 

Joseph  M.  Reidy.  1979.  The  role  of  trib- 
utaries in  the  recovery  of  a  river  from 
stress,  (currently  a  lawyer  in  Columbus, 
Ohio) 

E.M.  Rogellin.  1979.  The  role  of  seining 
in  the  analysis  of  the  Middle  Wabash 
River. 

Jerome  L.  Rud.  1982.  The  diets  and  inter- 
specific relationships  of  twelve  species  oi' 
game  fish  from  the  Middle  Wabash  River, 
west-central  Indiana,  (currently  at  Indi- 


ana Dept.  of  Environmental  Manage- 
ment) 

David  S.  White.  1983.  Effects  of  sedi- 
ments on  aquatic  organisms,  (currently 
Professor  of  Biology  and  Director  of  the 
Hancock  Biological  Station.  Murra\ 
State  University,  Murray,  Kentucky) 

Edward  S.  Snizek.  1984.  An  evaluation  of 
riparian  forest  and  fish  communities  in  an 
agricultural  watershed. 

Neil  Parke.  1985.  An  investigation  on  phy- 
toplankton  sedimentation  in  the  Middle 
Wabash  River,  (currently  at  Eli  Lilh  & 
Co.,  Indianapolis,  Indiana) 

Chris  O.  Yoder.  1976.  Ohio  River  fish 
communities,  (currently  Director  of  Mid- 
west Biodiversity  Institute  and  Center  for 
Applied  Bioassessment  and  Biocriteria. 
Columbus,  Ohio) 

Lee  Bridges  mentioned  that  Gammon's  ed- 
itorial advice  to  students  was  to  avoid  Gam- 
mon's mistake:  a  draft  of  Gammon's  disser- 
tation included  a  sentence  that  was  intended 
to  explain  the  source  of  muskellunge  gonads 
that  were  collected  by  native  American 
guides.  However,  the  first  draft  implied  that 
the  guides  removed  their  own  gonads.  Bridges 
has  many  memories  of  river  collecting  trips 
where  equipment  failures  prompted  alterna- 
tive operating  techniques  that  were  not  sate  or 
smart.  But  the  net  result  was  completed  field 
work. 

Gammon  had  an  early  "mini-computer" 
called  a  Wang.  Because  Gammon  was  the 
only  person  with  the  ability  to  write  the  code. 
he  was  the  primary  user  o\  the  computer. 
When  DePauw  University  acquired  main- 
frame computers.  Gammon  brought  his  com- 
puter to  the  university  technicians  w  uh  the 
hope  of  transferring  data.  The  onl>  help  the 
technical  staff  could  offer  was  "Wow.  that's 
neat."  Bridges  mentioned  that  Gammon  had 
an  ongoing  love  affair  with  Saab  automobiles, 
purchased  from  a  dealership  in  iin_\  Perrys- 
ville.  One  o(  the  more  memorable  vehicles 
was  a  two-stroke  Saab  station  wagon  thai  was 
replaced  by  other  Saab  sedans. 

Gammon's  son  Bob  assisted  with  Gam- 
mon's research  projects  tor  at  Least  10  years. 
Bob  is  current!)  working  for  a  Cincinnati  con- 
sulting firm  funded  b\  the  U.S.  EPA  for  train- 
ing with  hazardous  waste.  Bob  worked  on  the 
Wabash    River,    the    Ohio    River,    and    local 
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Figure  4. — Jim  Gammon  is  also  an  angler. 


streams  collecting  fishes  and  water  quality  and 
habitat  data.  Bob  has  many  memories  of  ex- 
periences in  the  field  and  of  his  father.  He 
sums  up  his  impressions  of  his  father  with  the 
statement  "I  can't  tell  you  how  proud  I  am  of 
him."  Notable  memories  of  his  father  include 
working  on  a  nonpoint  source  EPA  funded 
project  on  Stotts,  Rattlesnake,  and  Eagle 
creeks  near  Zionsville  in  the  1970's.  When  the 
team  visited  one  of  the  small  tributaries  of  Ea- 
gle Creek  to  be  sampled,  they  immediately 
noticed  a  chemical  precipitate  on  the  stream 
banks.  Everybody  scrambled  for  waders,  and 
they  sampled  fishes  with  an  electric  seine  and 
quantified  the  benthos  and  the  habitat.  It 
turned  out  that  there  was  a  hazardous  waste 
site  (Northside  Landfill)  immediately  up- 
stream. Gammon  wrote  the  director  of  the 
Stream  Pollution  Control  Board  to  complain 
about  the  stream  condition.  Subsequently,  a 
landfill  employee  died  while  cleaning  a  toxic 
waste  container.  Jim  Gammon  was  asked  to 


testify  about  the  condition  of  that  stream  at  a 
local  hearing;  and,  at  the  request  of  Gammon's 
wife,  Bob  went  along  to  keep  his  father 
"safe."  Gammon  testified  that  the  fish  abun- 
dance was  less  than  half  of  expectations  and 
that  the  habitat  was  severely  altered.  Eventu- 
ally the  landfill  was  closed.  Bob  has  proud 
memories  of  his  father  at  that  hearing  and  in 
other  contexts  as  "fighting  the  good  fight." 

Bob  Gammon  described  many  of  the  sam- 
pling trips  on  the  Wabash  River  as  memora- 
ble. One  notable  memory  was  of  sampling 
fishes  near  Darwin's  Ferry  at  a  time  when  lo- 
cal anglers  were  not  catching  catfish  to  their 
expectations.  This  was  at  the  same  time  that 
another  electrofishing  crew  had  been  sampling 
intensively  in  the  same  reaches.  One  fisher- 
man pulled  a  rifle  when  Gammon's  crew 
pulled  up  in  view.  Bob  stated  that  "we  took 
the  hint  and  kept  moving  downstream."  Other 
memories  include  boating  down  the  river  at 
full  throttle  between  sites,  and  hitting  an  un- 
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derwater  log  at  such  force  that  the  motor  flew 
off  of  the  boat  transom.  Bob  said  that  "every- 
thing was  real  quiet  for  a  few  moments"  as 
the  crew  realized  what  had  happened.  They 
marked  a  tree  on  shore  and  returned  with  a 
sheriff  rescue  team  to  practice  "dragging  the 
bottom"  to  locate  the  missing  motor.  The  mo- 
tor was  never  found. 

Chris  Yoder  recalls  Gammon  as  "an  ex- 
tremely easy  person  to  work  for,  and  he  was 
considered  a  colleague  by  all  of  his  students." 
Gammon  was  very  diligent  in  field  work  and 
attending  conferences.  Yoder  says  that  Gam- 
mon ".  .  .  set  a  good  example  for  our  conduct. 
Who  knows  what  would  have  happened  to  a 
bunch  of  otherwise  rowdy  grad  students  on 
these  forays."  Gammon's  nickname  was 
"Chief,"  and  Gammon  was  affectionately 
known  among  his  students  as  the  leader  of 
"Gammon's  Guerillas."  Yoder  considers 
Gammon's  innovative  designs  of  large  river 
electrofishing  gear  and  sampling  to  be  the  pre- 
cursor and  significant  influence  on  all  current 
large  river  fish  sampling  efforts. 

IN  "RETIREMENT" 

Gammon  retired  from  DePauw  University 
in  1993  and  currently  has  emeritus  faculty  sta- 
tus. Although  Jim  says  that  he  is  retired,  he 
appears  as  busy  as  ever.  For  example,  he 
serves  on  the  White  River  Citizen  Advisory 
Council  and  attends  local  conferences  regu- 
larly. 
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